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WILLIAM  PETIT  TROWBRIDGE. 
By  F.  R.  HUTTON,  C.E.,  Fh.D. 

Professor  William  P.  Trowbridge  was  at  the  head  of  the  De- 
partment of  Engineering  in  the  School  of  Mines  of  Columbia  Col- 
lege from  May  1877  till  his  sudden  death  on  August  12,  1892. 

He  was  born  at  "  Strawberry  Hill,"  near  Birmingham,  Oak- 
land Co.,  Michigan,  May  25,  1S28.  He  was  therefore  sixty-four 
years  old  at  the  time  of  his  death.  At  the  age  of  sixteen  he  was 
appointed  a  cadet  in  the  United  States  Military  Academy  at  West 
Point  in  an  entering  class  of  eighty- five,  whence  he  graduated  in 
1848  at  the  head  of  his  class,  Duringhislast  year  at  the  Academy 
when  only  nineteen  years  old  he  acted  as  Assistant  Professor  of 
Chemistry,  the  exigencies  of  the  field  service  in  the  Mexican  War 
calling  for  the  attendance  there  of  all  available  graduates.  He 
entered  the  Engineer  Corps  by  virtue  of  his  standing,  with  the 
rank  of  second  lieutenant,  and  was  ordered  back  to  his  Academy 
as  assistant  in  the  Astronomical  Observatory  under  Prof.  Bartlett 
of  the  Department  of  Philosophy,  serving  for  two  years  till  1850. 
This  experience  fitted  him  for  duty  on  the  work  of  the  United 
States  Coast  Survey,  to  which  at  his  own  request  he  was  subse- 
quently ordered, .  Here  he  was  assistant  to  Professor  A.  D.  Bache 


ovGoc^lc 


2  THE  QUARTERLY. 

working  upon  the  primary  triangulation  of  the  coast  of  Maine, 
which  in  1852  was  placed  in  his  charge.  The  period  from  1851 
to  1856  was  entirely  devoted  to  survey  work,  partly  along  the 
Appomattox  River  below  Petersburg  and  the  James  River  below 
Richmond  in  Virginia,  and  partly  along  the  Pacific  slope.  The 
work  upon  the  rivers  was  principally  with  a  view  to  the  improve-, 
ment  of  their  navigation,  and  he  pointed  out  the  advantage  of  the 
cut-off  at  Farrar's  Island,  which  was  actually  carried  out  during 
the  Civil  War  by  the  army,  and  was  then  and  has  been  since 
known  as  the  Dutch  Gap  Canal,  shortening  the  distance  for 
vessels  by  seven  miles.  The  work  on  the  Pacific  slope  (1853-6) 
was  tidal  and  magnetic  as  well  as  geodetic,  and  covered  the  space 
between  San  Diego  and  Puget  Sound,  a  length  of  over  1 300  miles. 
The  tidal  gauges  established  by  LieuL  Trowbridge  recorded  the 
earthquake  waves  emanating  from  Simoda,  Japan,  Dec.  23,  1854, 
while  information  of  the  occurrence  reached  this  country  mVi  India 
two  months  after  the  probable  nature  of  the  disturbance  had  been 
reported.  The  waves  had  a  length  of  210  miles  and  travelled  355 
miles  per  hour.  He  was  engaged  at  this  work  for  three  years  and 
often  spoke  of  the  pleasant  memories  which  he  retained  of  those 
then  remote  districts. 

In  1856  he  resigned  his  first  lieutenancy  (won  in  1854)  to  accept 
the  chair  of  Mathematics  in  the  University  of  Michigan,  remaining 
only  a  year,  however,  to  return  by  the  solicitation  of  Professor 
Bache  to  the  Coast  Survey  to  act  as  his  permanent  scientific  sec- 
retary, and  to  reside  in  Washington,  D,  C.  He  held  this  office 
from  1857  to  1862.  During  this  period  he  devoted  himself  to 
preparing  for  publication  the  results  of  the  exploration  of  the  Gulf 
stream;  in  i860  he  went  to  Key  West  to  establish  a  permanent 
observatory  for  the  automatic  registration  of  magnetic  variations 
(the  first  in  this  country) ;  in  1861,  at  the  breaking  out  of  the  war, 
he  was  summoned  by  his  old  chief,  Gen.  Tolten,  as  a  civilian,  to 
loyal  service  anew,  being  assigned  the  duty  of  preparing  minute 
descriptions  of  the  harbors,  inlets,  and  rivers  of  the  Southern  coast 
from  Delaware  Bay  to  Galveston,  and  in  1863  the  hydrographic 
survey  of  Narragansett  Bay,  R.  I,,  was  entrusted  to  him  to  deter- 
mine its  suitability  as  a  Navy  Yard  Station.  The  survey  resulted 
in  the  abandonment  of  the  project. 

During  the  remainder  of  the  war,  he  had  charge  of  the  branch 
office  of  the  War  Department  in  New  York  City,  acting  as  agent 
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in  the  supply  of  material  for  use  in  the  field,  and  aS  constructor 
of  local  fortification.  This  was  a  heavy  responsibility  in  its  finan- 
cial relations  to  contractors  supplying  war  material,  involving  an 
aggregate  of  several  millions  of  dollars,  and  exacted  the  most 
scru[iulous  honesty  and  integrity  for  its  faithful  discharge,  and  in 
the  duty  of  the  construction  of  forts  some  difficulties  had  to  be 
overcome.  The  principal  works  were  the  fort  at  Willett's  Point 
and  on  Governor's  Island  and  the  repairs  of  Fort  Schuyler.  The 
Willett's  Point  fort  was  to  be  the  largest  seacoast  battery  on  the 
Atlantic,  and  was  to  carry  100  13-inch  guns  in  three  tiers  of  case- 
mates and  in  barbette.  Of  the  masterly  manner  in  which  the  first- 
mentioned  of  these  works  was  executed  General  H,  L.  Abbot,  the  ' 
officer  for  many  years  in  command  of  the  fort,  spoke  as  follows : 
"  The  work  was  done  in  great  haste,  to  close  the  harbor  of  New 
York  against  raids  from  war-vessels  of  the  Confederacy,  or  of  their 
possible  foreign  allies.  The  site  presented  peculiar  difficulties,  re- 
quiring a  coffer-dam  and  an  unusual  system  of  sub-drainage  to 
preserve  the  foundations.  A  steep  bluff  in  the  rear  contracted  the 
space  and  greatly  increased  the  difficulty  of  handling  the  materials. 
A  wharf  over  450  feet  long  had  to  be  built,  with  all  the  needful 
shops  and  buildings.  By  special  devices,  showing  much  skill  and 
ingenuity  Professor  Trowbridge  overcame  these  difficulties,  and 
not  only  made  astonishing  progress  with  the  work,  but  left  it  one 
of  the  finest  specimens  of  granite  masonry  to  be  seen  in  any  of 
our  fortifications." 

Alter  the  close  of  the  war  in  1865,  Professor  Trowbridge  be- 
came the  Vice-President  of  the  Novelty  Iron  Works  in  this  city,  of 
which  Mr.  Horatio  Allen  was  the  President.  He  remained  in 
this  relation  till  iS/l.and  it  was  during  this  period  that  he  became 
so  well  and  favorably  known  as  a  mechanical  engineer.  Mr.  Alien 
had  been  the  first  generally  to  introduce  the  locomotive  engine 
from  England  in  1829,  and  had  himself  run  the  first  imported  en- 
gine for  the  Delaware  and  Hudson  Canal  Company.  He  had  de- 
signed the  early  American  locomotives  run  in  South  Carolina, 
and  the  Novelty  Works  had  designed  and  constructed  the  first 
transatlantic  steamers,  of  the  Collins  Line.  During  the  war,  in 
common  with  the  rest  of  the  marine  shops,  there  had  been  abun- 
dant business  in  construction  and  alteration  of  vessels  and  ma- 
chinery. It  was  during  Professor  Trowbridge's  connection  with 
the  Novelty  Iron  Works  that  those  experiments  were  undertaken 
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to  determine  the  consumption  of  water  for  horse-power  in  engines 
at  different  points  of  cut-off  of  the  stroke  of  the  cylinder,  which 
have  become  historic,  and  have  served  as  starting  point  and  stand- 
ard for  much  of  the  more  recent  work  in  this  direction.  They 
also  pointed  out  the  advantages  which  would  follow  from  the  use 
of  a  higher  speed  of  piston  in  the  engine  than  had  been  usual  in 
the  designs  up  to  that  time.  These  experiments  led  the  practice 
of  many  engine  builders  for  years,  until  the  rise  of  the  type 
which  electric  lighting  practice  has  called  into  use.  But  the  busi- 
ness changes  following  the  lessened  amount  of  marine  activity 
in  constructk>n  after  the  war  induced  the  closure  of  the  works, 
and  the  disposal  of  its  tools  and  patterns  and  drawings.  Many 
of  these  latter  illustrating  the  practice  of  the  Pacific  Mail  Steam- 
ship engineers  for  many  years,  Professor  Trowbridge  was  able  to 
secure  for  the  Shtffield-Scientific  School  of  Yale  Collie  to  which 
he  was  called  by  the  corporation  in  1871  as  the  professor  of  dy- 
namic engineering.  He  was  very  active  in  the  building  up  of  his 
new  department,  and  ia  the  planning  and  construction  of  the  New 
Sheffield  Hall,  in  which  Irhe  engineering  instruction  was  given. 
He  remained  in  this  field  until  in  May,  1877,  he  was  called  by  the 
Trustees  of  the  College  to  the  position  he  held  till  his  death. 

It  will  be  recalted  by  the  earlier  graduates  of  the  School  of 
Mines  that  the  professorship  of  Civil  and  Mining  Engineering  had 
been  filled  from  the  beginning  of  the  history  of  the  School  until 
this  date  by  a  very  able  mathematician  and  an  ex-army  officer 
who  had  received  his  education  both  at  West  Point  and  at  the 
Ecole  des  Mines  at  Paris.  But  with  all  his  attainments  and  ability 
there  had  been- a  growing  dissatisfaction  with  his  methods,  which 
had  found  a  culminating  expression  at  a  meeting  of  the  Alumni 
held  in  the  wmter  of  i%j6~j7,  and  which  was  followed  in  April  of 
that  year  by  the  presentation  of  a  printed  report  by  a  committee 
of  the  Trustees,  definitely  abolishing  the  former  chair  and  estab* 
lishing  the  new  chair  of  engineering,  and  an  adjunct  professorship 
of  practical  mining  and  an  instructorship  in  mechanical  engineer- 
ing. When  the  electicm  was  held  in  May,  Professor  Trowbridge 
was  chosen  to  the  new  rfiair,  and  the  other  positions  were  filled 
by  Professor  H.  S.  Monroe  and  the  writer  respectivety.  The  de- 
partment was  immediately  reorganized  on  the  new  basis  when  the 
new  officers  begaa  their  duties  in  the  autumn  of  that  year,  and  the 
history  of  the  department  from  that  time  has  been  the  history  ol 
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its  chief.  There  was  added  to  the  courses  as  they  existed  in  1 877, 
successively  courses  in  the rmo- dynamics,  dynamics  of  machinery, 
and  water-supply  engineering,  while  the  existing  courses  in  hy- 
draulics, braced  structures,  machines  and  motors  were  developed, 
sub-divided,  and  built  upon  out  of  all  resemblance  to  their  old 
standards  as  the  succeeding  generations  of  classes  made  possible 
the  elevation  of  requireraent.  Under  the  progressive  planning  of 
Professor  Trowbridge,  the  old  area  of  the  third  floor  of  the  Fiftieth 
Street  building  was  successively  outgrown,  first  from  187910  1883 
to  fill  as  additional  space  the  second  floor  of  the  old  college  build- 
ing,  and  later  the  new  floor  for  engineering  in  the  Fourth  Avenue 
building  was  added  and  for  the  last  few  years  even  this  space  was 
too  cramped  for  efficient  work.  When  he  came,  the  school  gave 
only  the  degrees  of  mining  engineer  and  civil  engineer,  and  the 
latter  was  regarded  as  subsidiary. 

Doriog  the  early  years  of  his  incumbency,  the  members  taking 
this  course  began  largely  to  increase,  and,  later,  courses  for  the 
degree  of  Sanitary  Engineer  and  Electrical  Engineer  were  added 
to  the  list  of  engineering  degrees;  and  had  there  been  room  in 
the  restricted  site  of  the  School  of  Mines,  mechanical  engineering, 
which  had  his  warm  support,  would  have  had  also  a  place.  He 
was  made  a  member  of  the  University  Council  of  the  College 
when  the  new  organization  was  effected,  in  1891,  and  was  a  favorite 
choice  upon  important  committee  labor,  where  his  sound  judg- 
ment and  judicious  counsel  made  him  a  most  valuable  member. 
He  also  gave  much  careful  thought  to  the  subject  of  training  of 
graduates  in  engineering  for  further  and  higher  competency. 
There  were  long  and  frequent  conferences  with  the  writer  upon  a 
plan  very  dear  to  his  heart,  of  organizing  a  special  department  for 
higher  specialization,  which  should  be  equipped  with  professional 
apparatus  and  machinery,  and  in  which  the  instruction  should  be 
given  by  distinguished  specialist  practitioners.  This  plan  reached 
the  stage  of  an  official  letter  to  President  Barnard  of  the  College, 
and  later  to  President  Low,  but  has  had  to  rest  in  abeyance  to 
make  room  for  more  urgent  matters. 

Of  Professor  Trowbridge's  work  as  a  teacher  of  undergradu- 
ates, it  is  difficult  to  speak  without  at  the  same  time  considering 
his  traits  as  a  man.  A  more  unselfish  and  self-sacrificing  person 
is  rarely  met,  and  this  would  appear  to  be  the  keynote  of  that  suc- 
cess which  was  accorded  to  him,  and  which  has  made  so  strong  a 
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bond  between  him  and  so  many  of  his  old  students.  He  was 
genial  and  familiar,  and  yet  never  undignified  in  his  intercourse 
with  them,  and  each  felt  that  he  could  rely  upon  an  affectionate 
personal  interest  if  he  wanted  advice  or  hdp.  The  instructor  who 
can  thus  command  the  affectionate  respect  of  a  class  of  young 
men  of  professional  schocJ  age,  finds  an  easy  path  of  influence 
before  him.  There  are  many  who  feel  that  in  the  death  of  their 
former  professor  they  have  lost  a  firm  and  wise  friend  and  coun- 
sellor.  ■ 

In  his  relations  as  head  of  a  large  and  important  department  of 
instruction,  those  who  have  been  thus  associated  with  him  have 
only  words  of  praise  and  affection.  The  position  was  a  difficult 
and  delicate  one  as  concerned  subordinate  officers,  but  in  every 
way  he  showed  himself  most  ccM>siderate  and  without  self-seeking 
narrowness. 

He  was  married  April  21,  1S57,  at  Savannah,  Ga.,  to  Miss  Lucy 
Parkman,  one  of  the  three  surviving  members  of  a  large  family 
which  was  lost  in  the  steamer  Pulaski  \n  1838.  Of  this  marriage 
there  were  eight  children.  His  wife,  three  sons  and  three  daugh- 
ters survive  him.  In  his  relations  to  his  family  as  husband  and 
father,  those  who  have  known  them  in  intimacy  will  recall  how  he 
was  the  centre  around  whom  the  family  circle  grouped  itself,  and 
who  was  their  prime  dependence.  His  loss  there  is  one  from  which 
the  stranger  pen  must  refrain  to  allude. 

Prof,  Trowbridge's  two  best  known  recent  professional  achieve- 
ments were  his  design  for  the  first  cantilever  bridge  and  his 
coil  boiler.  It  was  while  he  was  at  the  Novelty  Iron  Works  that 
he  designed  a  cantilever  bridge  for  the  East  River  at  Blackwell's 
Island,  and  urged  the  adoption  of  the  cantilever  system  as  the 
most  available  for  spans  beyond  the  practical  limit  of  the  single 
girder.  A  company  was  formed  in  1S69-70,  of  which  Mr.  Wm. 
Steinway  was  president,  for  the  erection  of  the  bridge  according 
to  the  propcwed  plan  ;  but  the  value  of  the  cantilever  system,  so 
strongly  urged  then  by  Mr.  Trowbridge,  and  so  signally  success- 
ful since  that  time  in  other  places — as  at  Niagara  Falls  and  at  the 
Firth  of  Forth — was  not  publicly  appreciated,  and  the  panic  of 
1873  put  an  end  for  the  time  to  all  efforts  to  build  the  bridge. 
His  coil  boiler  was  thought  out  while  he  was  at  the  Sheffield  Sci- 
entific School,  and  was  designed  to  incorporate  the  most  advanced 
ideas  of  forced  circulation  of  the  water,  automatic  supply  of  feed- 
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water  from  a  magazine,  and  tHe  self-feeding  of  its  fuel.  Exhaust- 
ive experiments  and  trials  were  kept  up  to  develop  the  weak  places 
in  the  design,  and  most  satisfactory  results  were  obtained  as  to  the 
capacity  of  the  boiler  in  small  bulk  and  the  reliability  of  the  sub- 
sidiary apparatus.  Its  manufacture  was  turned  over  to  a  company, 
and  the  inventor  was  unable  to  pursue  the  matter  further.  Prof. 
Trowbridge  had  also  given  much  thought  to  apparatus  for  deep- 
sea  sounding,  and  felt  very  sanguine  as  to  the  applicability  of 
electric  devices  for  this  object. 

During  his  connection  with  the  School  of  Mines,  Professor 
Trowbridge  retained  his  family  residence  in  New  Haven,  where 
he  remained  only  from  Friday  night  to  Monday  morning  early 
during  the  college  terms.  This  plan  gave  him  the  freedom  from 
all  college  calls  when  at  home,  and  released  him  from  demands 
from  the  home  circle  when  in  New  York.  He  was  a  member  of 
the  Century  Club,  but  spent  much  of  his  time  in  his  study  when 
the  College  did  not  call  him  there.  But  his  Connecticut  residence 
brought  him  many  engagements.  He  was  Adjutant-General  of 
Connecticut  from  1872  to  1876,  under  Gov.  Ingcrsoll ;  from  1873 
to  1878,  Commissioner  for  building  the  Capitol  at  Hartford;  from 
1870  to  1876,  Commissioner  for  building  a  bridge  across  the  Quin- 
iitpiac  River;  from  1872  to  1878,  Commissioner  for  establishing 
harbor  lines  at  New  Haven.  He  was  also  appointed  by  Gov.  Cor- 
nell, of  New  York,  one  of  three  commissioners  to  examine  the 
State  Capitol  at  Albany,  the  other  two  being  Mr.  Geo.  B.  Post, 
the  architect,  and  Prof.  Babcock,  of  Cornell  University. 

He  was  author  of  Heat  and  Heat-Engines(\%j/^\  but  on  the 
exhaustion  of  the  edition  he  had  been  too  busy  with  his  teaching- 
work  to  undertake  its  re-issue,  and  was  engaged  on  this  work 
when  his  hand  was  stilled  by  death.  He  had  planned  a  series  of 
four,  which  were  to  have  been  Heat,  Light,  Magnetism  and  Elec- 
tricity as  manifestations  of  energy.  He  was  associate-editor  with 
Dr.  Barnard  o{  Johnson's  Emydopmdia,  and  wrote  also  for  other 
standard  publications.  His  college  honors  were  an  A.M.  from 
Rochester  University  in  1856,  and  from  Yale  in  1870;  Ph.D.  from 
Princeton  in  1880;  and  LL.D.  from  Trinity  in  1883,  and  Michigan 
University  in  1887.  In  1880,  under  the  broad  plans  of  General 
Francis  A.  Walker  for  the  Tenth  Census,  Professor  Trowbridge 
was  put  at  the  head  of  the  Department  of  Power  and  Machinery 
employed  in  Manufactures,  and  several  notable  monographs  were 
issued  in  this  subdivision  under  his  solicitation  and  control. 
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Professor  Trowbridge  was  a  member  of  the  National  Academy 
of  Sciences,  and  presided  at  its  sessions  of  1882.  He  was  a  Vice- 
President  of  the  American  Society  of  Mechanical  Eng'neers,  and 
member  of  the  other  engineering  societies  at  one  time  or  another. 
He  was  very  active  in  the  New  York  Academy  of  Sciences,  and 
a  frequent  contributor  and  occasional  lecturer  before  it,  and  there 
were  many  other  organizations  which  claimed  a  share  of  his  broad- 
minded  interest. 

In  fine,  the  School  of  Mines  has  had  in  Professor  Trowbridge 
that  rare  combination  of  personal  qualities  of  character  with  intel- 
lectual capacity  and  technical  acquirement,  which  made  him  an 
almost  ideal  selection  for  the  position  which  he  was  called  upon  to 
fill.  With  ability  to  appear  before  a  broader  public  with  credit, 
and  appreciating  the  advantages  which  follow  to  an  institution 
from  such  wider  recognition  of  its  professors,  yet  withal  so  tnodest 
and  conscientious  as  never  to  be  tempted  to  neglect  a  near  duty 
because  inconspicuous,  his  loss  is  made  the  more  grievous  by  the 
very  rarity  of  the  union  of  these  qualities  in  one  person.  The 
School  of  Mines  has  been  privileged  so  long  to  rejoice  in  the  re- 
lations which  have  now  been  ended  by  his  death. 


THE  CLASSIFICATION  OF  ORE  DEPOSITS. 

By  J.  F.  KEMP. 

In  the  classification  of  ore  deposits  the  same  systematic  arrange- 
ment is  not  to  be  expected,  as  in  the  grouping  of  plants,  animals, 
or  minerals.  Ore  deposits  have  not  the  underlying  afilinities  and 
relationships  of  living  organisms  or  of  definite  chemical  com- 
pounds. The  series  of  objects  is  too  diverse  and,  in  the  nature  of 
the  case,  the  standards  of  appeal  must  be  different.  The  subject 
is,  however,  one  of  great  practical  importance  as  well  as  of  great 
scientific  interest,  A  vocabulary  of  intelligible  terms  is  indispen- 
sable for  description  and  comparison,  and,  under  our  mining  laws, 
often  for  valid  titles,  while  as  \  vehicle  for  the  spread  of  knowledge 
and  reasonable  conceptions  regarding  these  phenomena,  its  impor- 
tance cannot  be  overestimated. 

Alt  schemes  of  classification  rest  on  these  principles :  form,  ori- 
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gin  or  the  genetic  principle,  (including  method,  relative  time  of 
origin  as  contrasted  with  the  walls,  etc.),  state  of  aggregation,  and 
mineral  contents.  Of  these,  the  principle  of  form  is  usually 
esteemed  the  weightiest,  and  is  given  the  greatest  prominence, 
partly  because  it  has  been  thought  to  be  the  one  most  closely 
affecting  exploitation,  and  partly  because  it  involves  less  that  is  or 
has  been,  up  to  very  recent  times,  more  or  less  Hypothetical.  Yet 
form  is  largely  fortuitous,  and  it  has,  of  course,  no  law,  while,  with 
sufficient  knowledge,  the  genetic  principle  is  the  one  giving  a  far 
more  thoroughly  scientific  basis.  Every  one,  in  opening  up  or 
searching  for  an  ore  body,  must  be  influenced  by  some  hypothesis, 
either  of  shape  or  origin.  It  is  the  conviction  of  the  writer  that, 
with  all  our  deficiencies  of  knowledge,  the  genetic  principle  is  also 
the  best  guide,  even  in  practical  development. 

Very  early  in  the  development  of  mining  literature  the  distinc- 
tion was  made  between  those  ore  bodies  which  are  parallel  to  the 
stratification,  and  those  which  break  unconformably  across  it. 
This  took  place  long  before  the  epoch-making  time  of  Werner, 
and  even  before  the  conception  of  the  relative  ages  of  strata  had 
been  at  all  generally  grasped.  Thus  among  the  Germans  we  And 
the  terms  "  Lager  "  and  "  Flotze  "  *  on  the  one  side,  being  set  off 
in  contrast  to  "  Gang  "  (vein)  on  the  other.  Werner,  writing  in 
1791,  quotes  Von  Oppel's  distinctions  between  Flotze  (strata,  beds) 
and  Gange  (veins),  which  were  published  in  1749,  but  without 
doubt,  as  mining  terms,  they  go  much  further  back.     Beyond  this 

*  Lager  and  Fl&tze  arc  difficult  to  reader  into  English  and  retain  their  native  shades 
of  meaning.  The  later  writers  in  Germany,  (Serlo,  GItzschmann,  v.  Groddeck,  K5ti- 
lee),  deline  Ihero  as  being  interbedded  bodies,  each  later  than  Ihe  footwall  in  Tonna. 
lioD,  and  older  than  the  banging ;  and  Ihat  Lager  are  much  more  limited  in  horizontal 
extent  than  FlQtze.  R.  Wabner  shows,  however,  in  the  Btrg.  u.  Hsul.  Zeitung,  Jan.  z, 
■  891.  p.  1,  that  writers  in  the  earlier  part  of  the  century  did  not  entirely  restrict  the  term 
Lager  as  regards  age  relative  to  the  fool  and  hanging,  but  applied  it  to  ore  bodies, 
which  follow  the  general  bedding,  although  they  may  have  been  introduced  much 
later  than  the  formation  of  the  walls.  Thus  the  frequent  occurrence  of  lead  ores  in 
limestone,  along  certain  beds  (southeast  Missouri,  for  example),  would  be  called  La- 
ger. We  would  apply  the  terras  impregnation,  or  dissemination,  or  bed-veip,  to  such. 
FIStz  we  would  call  stratum,  and  Lager,  as  defined  by  the  later  authors,  "bed"  or 
"seam."  Werner,  for  instance,  in  his  classiGcalion  of  the  rock  formations  of  the 
globe,  made,  I,  Urgebirge  (Priniiiive,  Primary,  etc.,  having  no  fossils).  IL  Secon- 
dary, subdivided  into,  A.  Ueberganggebirge  (Transition,  more  or  less  metamorphosed 
sediments,  but  fossiliferous).  B.  Fliiwgebirge  (Unaltered  strata).  From  this  the 
meaning  of  Fldti  can  l>e  grasped.    By  contrast,  a  magnetite  lense  is  a  good  illustration 
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simple  indication  of  the  views  of  the  older  writers,  no  attempt  will 
be  here  made  to  quote  authorities  earher  than  1850.  This  is  jus- 
tifiable because  the  important  works,  like  De  la  Beche's  Geology  of 
Cornwall  and  Devon,  and  Kenwood's  Metalliferous  Deposits  of 
Cornwall  and  Devon  are  rather  discussions  of  veins  than  systematic 
attempts  at  classification. 

In  the  following  pages  the  principal  schemes  of  classification  are 
grouped  according  to  certain  relationships  and  similarities  that  run 
through  them.  It  would  be  interesting  to  arrange  them  in  chro- 
nological order,  but  points  of  likeness  and  unlikeness  would  not 
be  thus  brought  out,  nor  can  the  influence  of  one  writer  on  another 
be  so  clearly  manifested.  The  underlying  object  of  the  paper, 
aside  from  showing  in  a  birds-eye  view  what  has  been  done,  is  to 
lead  up  to  an  attempt  at  a  purely  genetic  classification,  from  which 
mere  form  is  eliminated  to  the  last  degree,  and  well- recognized 
geological  phenomena  are  brought  to  the  foreground. 

It  has,  indeed,  been  said  with  force,  that  the  origin  of  ore  deposits 
is  a  subject  which  is  very  largely  a  matter  of  hypothesis,  and  that 
it  Involves  profound  subterranean  causes,  of  which  we  know  but 
little.  Still,  it  is  held  in  this  paper  that  an  acquaintance  with  what 
has  been  accomplished  in  recent  years  by  our  best  workers,  and  a 
rigid  adherence  to  well- recognized  principles  in  geology  and  min- 
eralogy, especially  as  developed  in  rock  study  {i.e.,  in  that  depart- 
ment of  geology  that,  of  late  years,  we  have  grown  to  call  petro- 
graphy), will  establish  much  that  cannot  be  questioned,  and  will 
aid  in  differentiating  the  cases  which  are  still  objects  of  reasonable 
doubt.  It  is,  however,  true,  that  among  the  subjects  on  which 
human  Imagination,  often  superstitious,  has  run  to  wild  extremes, 
and  on  which  cranky  dreamers  have  exercised  their  wits,  the  origin 
of  ore  deposits  stands  out  in  particularly  strong  relief. 

A,  Schemes  Imiolving  only  the  Classification  of  Veins. 

(■)• 

G.  A.  V.  Weissenbach,*  (Gangstudien,  1850,  p.  12). 
(a.)  Sedimentargange  (Sedimentary  Veins), 
(^.)  Kontritionsgange  (Attrition  Veins). 
(c.)  Stalactitischc  oder  Infiltrationsgange  (Stalactitic  or  In- 
filtration Veins). 

•  See  also  Whitney's  MitallU  Wtallh,  U.  S.,  p.  44.  1854. 
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{d.)  Plutonische  oder  Gcbirgsmassengange  (Masses,  dikes, 

knobs,  bosses,  etc.,  not  necessarily  with  ores), 
(c.)  Ausscheidungsgange  (Segregated  Veins). 
[/,)  Erzgange  {True  or  Fissure  Veins), 

(2). 
B.  V,  Cotta,  in  comments  on  v.  Weissenbach's  Scheme.     Gang- 
studien,  1850,  p,  79.     According  to  the  Vein  Filling. 

1.  Gesteinsgange  (Dikes). 

(a.)  Not  crystalline  (Sandstone.) 
(b.)  Crystalline  (Granite). 

2.  Mineralgange  (Veins). 

(a.)  Of  one  non-metallic  mineral. 
(J).)  or  several  non-metallic  minerals. 

3.  Erzgange.     Ore  veins, 

(3). 

B.  von  Cotta,  idem.,  p.  80.     According  to  Shape  and  Position. 
I.  Wahre,  einfache  Spaltengange  (Fissures), 
(si.)  Quer  durchsetzende.  Cross  fissures. 
{(>■)  Lagergange,  Bed  veins. 
[c.)  Kliifte  (Cracks),  Adern  (Veinlets). 
II.  Gangzijge  (Linked  veins).* 

III.  Netzgange  (Reticulated  Veins). 

IV.  Contaktgange  (Contact  Veins), 
V.  Lenticulargange  (Lenses). 

VI.  Stockformige  Gange  (Stocks,  Masses). 

(4). 

B.  V.  Cotta,  idem,  p.  80.     According  to  the  tekture  of  the 
vein  filling. 
I.  Dichte  Gange  (Compact  Veins). 
II.  Krystailinische  Gange. 

III,  Krystallinisch,  kornige  (granular)  Gange. 

IV.  Krystallinisch,  massige  Gange. 

*  Gangiag  i*  happily  lianslated  ■■  linked  veins,"  by  Mr,  G.  F.  Becker  {Quictsilver 
Dtftaiti,  p.  410.)  Any  atteinpt  to  render  ihe  original  by  preserving  the  f^re  of  a 
flock  or  birds  OT  school  of  liEh,  etc,  is  as  Mr.  Becker  remarks,  infelicitous,  if  not  im- 
possible. 
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V.  Gange  mit  Lagentextur  (Banded  veins), 

(a.)  Ohne  Symmetrie  der  Lagen  (unsym  metrical). 
(^.)  Mit  Symmetrie  der  Lagen  (symmetrical). 
VI.  Gange  mit  Breccien  oder  Conglomerattextur. 

(S)- 
J.  Leconte,  A.  J.  S.,  July,  1883,  p.  i/. 

1,  Fissure  Veins. 

2,  Incipient  Fissures,  or  Irregular  Veins. 

3,  Brecciated  Veins. 

4,  Substitution  Veins. 
S-  Contact  Veins. 

6.  Irregular  Ore  Deposits. 

In  V.  Weissenbach's  table,  the  sedimentary  veins  are  much  the 
same  as  the  "  sandstone  dikes,"  which  j.  S.  Diller  has  recently  de- 
scribed. {Btdl.  Geol.Soc.  Amer.,  L,4ii.)  They  and  the  stalactitic 
veins  have  small  practical  value,  although  of  great  scientific  in- 
terest. Under  {d),  the  stock-works  with  tin  ores  arc  the  principal 
illustration  of  economic  prominence.  The  attrition  veins  are  an 
important  class,  and  increasing  study  has  widened  the  applica- 
tion of  this  or  synonymous  terms.  Segregated  veins  and  true 
veins  are  well-known  forms.  In  the  comments  of  v.  Cotta,  which 
follow  v.  Weissenbach's  paper,  veins  are  grouped  from  every  pos- 
sible standpoint,  v.  Weissenbach's  scheme  being  taken  as  the  one 
based  on  origin.  Nos,  2  and  4  have  small  claims  to  attention. 
No.  3  foreshadows  the  drift  of  many  subsequent  writers.  The 
meanings  of  the  terms  are  self-evident,  except  perhaps  Gangzug 
(linked  veins.)  This  refers  to  a  group  of  parallel,  and  more  or 
less  over-lapping  veins,  deposited  along  a  series  of  openings,  evi- 
dently of  coflimon  origin.     It  is  a  convenient  term. 

The  terms  used  by  Leconte  may  be  passed  without  comment  as 
being  self  evident  in  their  meaning,  except  (4)  and  (6.)  The 
scheme  was  devised,  as  a  perusal  of  the  citation  will  show,  after 
the  distinguished  author  had  set  forth  some  original  views  of  the 
causes  which  lead  to  the  precipitation  of  ores,  and  had  forcibly 
stated  others  very  generally  accepted.  In  the  explanatory  te.xt 
some  quite  curious  associations  are  found,  which  are  cited  by  way 
of  illustration.  Thus  under  group  (4),  stalactites,  caves,  gash 
veins  and  the  Leadville  ore  bodies  are  considered  examples,  and 
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under  group  (6)  the  lumping  together  of  beds,  igneous  masses  and 
all  other  forms  of  so-called  irregular  deposit  is  decidedly  open  to 
criticism.  This  is  the  more  emphatic,  because  the  concluding 
sentences  of  the  paper  (of  whose  general  value  and  excellence 
there  can  be  no  question),  give  the  impression  that  the  author  felt 
he  had  cleared  up  all  the  points  in  the  origin  of  ore  bodies  which 
would  be  of  interest  or  importance  to  a  purely  scientific  investi- 
gator as  contrasted  with  a  practical  miner. 

B.  General  Schemes  Based  on  Form, 

{6). 

Von  Cotta  and  Prime.    Ore  Deposits,  N.  Y..  1870. 
.  I.  Regular  Deposits. 

A.  Beds. 

B.  Veins. 

(a.)  True  (Fissure)  Veins. 
(*.)  Bedded  Veins. 
(c.)  Contact  Veins. 
(i/.)  Lenticular  Veins. 
II.  Irregular  Deposits. 

C.  Segregations. 

{a.)  Recumbent. 
{6.)  Vertical. 

D.  Impregnations  (Disseminations). 

(7). 

Lottner-Serlo.     Leitfaden  zur  Bergbaukunde,  1869. 
I.  Eingelagerte  Lagerstatten  (Enclosed  Deposits). 

A.  Plattenformige  (Tabular). 

(a.)  Gange  (Veins). 

(i.)  Flotze  und  Lager  (strata,  beds,  seams). 

B.  Massige  Lagerstatten  (Massive  Deposits), 

<°-)  !'«,•«■    ,      I  Ma»es.       • 
(*.)  Stockwerke.  J 

C.  Andere   unregelmassige   Lagerstatten    (other   ir- 

regular deposits). 
{a.)  Nester  (Pockets> 
{6.)  Putzen. 
(c.)  Nieren.     (Kidneys.) 
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II.  Aufgelagerte  Lagerstatten  (Superficial  Deposits). 

D.  Trunamerlagerstatten  (Placers), 

E.  Oberflachliche  Lager  (Surface  beds). 

(8). 
Koehler.     Lehrbuch  der  Bergbaukunde,  1887. 

I.  Plattenformige  Lagerstatten  (Tabular  Deposits). 
(a.)  Ginge  (Veins). 

{b.)  Flotze  und  Lager  (Strata,  beds,  seams), 
II.  Lagerstatten  von   unregelmassige    Form    (Deposits    of 
irregular  Form), 
(ii.)  Stocke  und  Stockwerkc  (Masses). 
(^.)  Butzen,  Nester  und  Nieren  (Pockets,  concretions, 
etc.). 

(9). 
Gallon.     (Foster  and  Galloway's   Translation),  Lectures   on 
Mining,  1876. 
1.  Veins. 
II.  Beds. 

III.  Masses  {i.e.,  not  relatively  long,  broad  and  thin). 
The  scheme  of  v,  Cotta  and  Prince  carries  out  the  principle  of 
form  to  its  logical  and  somewhat  trivial  conclusion.  Thus  under 
irregular  deposits,  it  is  a  matter  of  extremely  small  classificatory 
moment,  whether  an  ore  body  is  recumbent  or  vertical.  Other- 
wise the  scheme  is  excellent,  and  its  influence  can  be  traced 
through  most  of  those  that  are  of  later  date.  The  original  draft 
came  out  in  the  German  in  1859.  All  the  others  are  from  treatises 
on  mining,  in  which  this  subject  plays  a  minor  role,  and  indicates 
the  tendency  referred  to  above,  of  the  mining  engineers,  when 
writing  theoretically  to  imagine  certain  fairly  definite  forms,  which 
are  to  be  exploited.  As  previously  remarked,  however,  considering 
the  uncertainty  of  ore  bodies  and  their  variability  in  shape,  it  is  here 
argued,  that  the  genetic  principle  might  better  take  precedence.  Sev- 
eral of  the  German  terms  are  difficult  to  render  into  English  mining 
idioms,  as  for  example,  Stock,  Butzen  (Putzen),  Nester  and  Nieren. 

C.  Scketnes,  Partly  Based  on  Form,  Partly  on  Origin. 
(10). 
J.  D.  Whitney,  Metallic  Wealth,  1854. 
I. .  Superficial. 
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II.  Stratified. 

{a.)  Constituting  the  mass  of  a  bed  or  stratified  de- 
posit. 
(i.)  Disseminated  through  sedimentary  beds. 
{£.)  Originally  deposited  from  aqueous  solution,  but 
since  metamorphosed. 
III.  Unstratified. 

A,  Irregular. 

(a.)  Masses  of  eruptive  origin. 

{^.)  Disseminated  in  eruptive  rocks. 

(c.)  Stock  work  deposits. 

(d.)  Contact  deposits. 

(e.)  Fahlbands. 

B.  Regular. 

(/.)  Segregated  veins, 

(^,)  Gash  veins. 

(A.)  True  or  fissure  veins. 

(II). 

J.  S.  Newberry,  School  of  Mines  Quarterly,  March,  1880, 
May,  1884. 
I.  Superficial. 
II.  Stratified. 

(«.)  Forming  entire  strata. 
{i.)  Disseminated  tlfrough  strata. 
{c.)  Segregated  from  strata. 
III.  Unstratified. 

(a.)  Eruptive  masses. 

(6.)  Disseminated  through  eruptive  rock. 

(c.)  Contact  deposits. 

{d.)  Stock  work  5. 

{e.)  Fahlbands. 

{/.)  Impregnations. 

{£;)  Chambers. 

(A.)  Mineral  veins. 

1.  Gash  veins. 

2.  Segregated  veins. 

3.  Bedded  veins. 

4.  Fissure  veins. 
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(12). 
J.  A.  Phillips,  Ore  Deposits,  1884. 
I.  Superficial. 

(<i.)  By  mechanical  action  of  water. 
{^.)  By  chemical  action. 
II.  Stratified. 

(a.)  Deposits  constituting  the  bulk  of  metalliferous 
beds  formed  by  precipitation  from  aqueous 
solution. 
(^.)  Beds  originally  deposited  from  solution  but  sub- 
sequently altered  by  metamorphism. 
(f.)  Ores  disseminated  through  sedimentary  beds,  in 
which  they  have  been  chemically  deposited. 
III.  Unstratified. 

(rt.)  True  veins. 

(i.)  Segregated  veins. 

(r.)  Gash  veins. 

((/.)  Impregnations. 

(^.)  StocTc works. 

(/.)  Fahlbands. 

(^.)  Contact  deposits. 

(A.)  Chambers  or  pockets. 

It  is  at  once  apparent  that  Whitney's  scheme  contains  the  essen- 
tials of  the  others,  which  are  merely  slight  modifications.  New- 
berry introduces  impregnations,  chambers  and  bedded  veins.  The 
first-named  is  a  useful  term,  although  it  is  not  always  easy  to  dis- 
tinguish impregnations  from  others  earlier  given.  Thus,  they  may 
be  very  like  the  division,  disseminated  through  strata,  or  disseminated 
through  eruptive  rock,  or  if  in  metamorphic  rock,  fahlbands.  The 
word  is  also  used  to  indicate  places  along  a  vein  where  the  ore  has 
spread  into  the  walls.  The  term  chamber.s  or  caves  has  found 
application  in  the  west,  and  is  a  useful  addition.  Bedded  veins  ap- 
pear also  in  v.  Cotta  above  (No.  6).  Phillips  seeks  to  explain  the 
methods  of  origin  in  his  use  of  Whitney's  scheme  and  clearly 
feels  the  importance  of  emphasizing  the  genetic  principle  more 
strongly.  Much  of  it  is  implied  in  the  simpler  phraseology, 
however,  and  the  extended  sentences  lack  the  incisiveness  of  the 
earlier  schemes.  The  arrangement  as  set  forth  by  Whitney  is 
worthy  of  high  praise,  and  the  scheme  is  one  of  the  many  valuable 


ovGoO'^lc 


CLASSIFICATION  OF  ORB  DEPOSITS.  i; 

things  in  a  book  that  has  played  a  large  part  in  the  economic  his- 
tory of  the  United  States. 

D.  Schemes  Largely  Based  oh  Origin. 
(■3)- 
J.  Grimm,  Lagerstatten,  1869. 

I.  Gemengtheile  oder  grosaere  Einachliisse  in  den  Gebii^s- 
gesteinen.    Einsprengung,  Impragnation,    (Essen- 
tial component  minerals  and  inclusions  in  country 
rock.     Impregnations), 
(a.)  Urspriingliche  Einsprengung.     (Original  with 

the  enclosing  rock). 
(i>.)  Von  anderen  Lagerstatten  weggefuhrtc  Bruch- 
theile,  etc.     (Fragments  brought  from  a  dis- 
tance.    Placers,  ore-bearing  boulders.     Brec- 
cias). 
II.  Untei^eordnete  Gebirgsglieder  oder  besondere  Lager- 
statten.    (Subordinate  terranes  or  special  forms  of 
Deposits), 
(a.)  Plattenformige  Massen.     (Tabular  masses). 

1.  Lager    oder    Flotze.      Bodensatzbildung. 

(Beds,  strata). 

3.  Gange,  Kliifte,  Gangtriimmer,  etc.     (Veins 
of  varying;  sizes). 

3.  Plattenformige    Erz-ausscheidungen    und 
Anhaufungen.     (Segregated  veins), 
(i.)  Stocke  und  regellos  gestaltete  Massen.   (Stocks 

and  irregular  masses). 

t.  Lagerstocke  Linsenstocke,  Linsen,     (Len- 
ticular deposits,  etc.), 

2.  Stocke,    Butzen,    Nester,   etc.      (Masses, 

pockets,  etc.). 

3.  Stockwerke.    (Stockworks). 

(14). 

A.  V.  Groddeck,  Lekre  von  den  Lagerstatten,  etc.,  1879,  p.  84. 
I.  Ursprungliche  Lagerstatten  (Primary  deposits). 

A.  Gleichzeitig    mit  dem    Nebengestein    gebildet. 
(Formed  at  the  same  time  with  the  walls). 
I.  Geschichtete.     (Stratified), 
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(o.)  Derbe  Erzflotze.     (Entire  beds  in  fossiliferou^ 

strata). 
{b.)  Ausscheidungsflotze.     (Disseminated  in  beds). 
(f.)  Erzlager.     (Lenticular  beds,  mostly  in  schists)- 

2.  Massige.      (Massive,  tlie  word  is  nearly- 

synonymous  with  igneous). 
B,  Spater  wie  das  Nebengestein  gebildet.     (Formed 
later  than  the  walls). 

3.  Hohlraumsfiillungen.     (Cavity  fillings), 
(a.)  SpaltenfuUungen  oder  Glnge.     (Fissure  fillings 

or  veins). 
(1.)  InmassigenGesteinen.  (In  igneous  rocks). 
(2.)  In  gcschichteten  Gcstcinen.     (In  strati- 
fied rocks). 
(i.)  Hohlenfullungen,     (Chambers), 

4.  Metamorphische  Lagerstatten.     (Altera- 

tions, replacements,  etc.). 
II.  Triimmer-lagerstatten.   (Secondary  or  detrital  deposits). 

(■s)- 

R.  Pumpelly,  Johnson's  Encyclopedia,  1886,  VI.,  22. 
I.  Disseminated  concentration. ' 
(d.)  Impregnations,  Fahl- 
bands. 
II.  Aggregated  Concentration. 
(a.)  Lenticular    aggrega- 
tions and  beds, 
(i.)  Irregular  masses. 
(c.)  Reticulated  veins. 
(</.)  Contact  deposits. 

III.  Cave  deposits.  ■)     Forms   chiefly   due   to 

IV.  Gash  veins,  >     pre-existing  open  cavi- 
V.  Fissure  veins.                          J      ties  or  fissures. 

VI.  Surface  deposits. 

{a)  Residuary  deposits. 
(A)  Stream  deposits. 
(^.)  Lake  or  bog  deposits. 
These  three  are  all  excellent  and  give  some  interesting  varia- 
tions in  the  several  points  of  view,  from  which  each  writer  re- 
garded his   subject.     There   are   instances  in  the   two  German 


Forms  due  to  the  tex- 
ture of  the  enclosing 
rock,  or  to  its  mineral 
constitution  or  to  both 
causes. 
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schemes  where  it  is  difficult  to  render  the  original  into  a  corre- 
sponding English  term  and  recourse  has  been  had  to  the  explana- 
tory text  Grimm,  especially  writes  an  obscure  style.  He  divides 
accordingly  as  the  ore  forms  an  essential  and  integral  part  of  the 
walls  or  a  distinct  body.  V.  Groddeck  has  in  view  the  relative 
time  of  formation,  as  contrasted  with  the  walls.  Grimm  afterwards 
emphasizes  geometrical  shape,  but  this  v.  Groddeck  practically  does 
away  with,  and  continues  more  consistently  genetic.  His  scheme 
might  perhaps  come  more  appropriately  in  the  next  section. 

Pumpelly's  conception  varies  considerably  from  the  others.  He 
writes,  as  his  full  paper  states,  in  the  belief  that  the  metals  have  all 
been  derived  primarily  from  the  ocean,  whence  they  have  passed 
into  sedimentary,  and  by  fusion  of  sediments,  into  igneous  rocks. 
The  group  of  residuary  surface  deposits,  carrying  out  as  it  does  a 
favorite  idea  of  Professor  Pumpelly,  as  set  forth  in  his  papers  on  the 
secular  decay  of  rocks,  is  an  important  distinction. 

E.  Schemes  Entirely  Based  on  Origin. 
(■6). 
H.  S.  Munroe.     Used  in  the  Lectures  on  Practical  Mining 
in  the  Columbia  School  of  Mines.     Not  hitherto 
published. 
I.  Of  surface  origin,  beds, 

{a.)  Mechanical  (action  of  moving  water). 

I.  Placers  and  beach  deposits, 
(j.)  Chemical  (deposited  in  still  water). 

1.  By  evaporation  (salt,  gypsum,  etc.). 

2.  By  precipitation  (bog  ores). 

3.  Residual  deposits  from  solution  of  lime- 

stone, etc.  (hematites), 
(c.)  Organic. 

1.  Vegetable  (coal,  etc.), 

2.  Animal  (limestone,  etc.). 

(d.)  Complex  (cannel  coal,  bog  ores,  etc.). 
II.  Of  subterranean  origin. 

(a.)  Filling  fissures  and  cavities  formed  mechanically. 

1.  Fissure  veins,  lodes. 

2.  Cave  deposits — lead,  silver,  iron  ores. 

3.  Gash  veins.     The  cavities  of  2  and  3  are 

enlai^ed  by  solution  of  limestone. 
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(^.)  Falling   interstitial   spaces  and     replacing   the 
walls. 

1.  Impregnated  beds. 

2.  Fahlbands. 

3.  Stockworks. 

4.  Bonanzas: 

5.  Masses. 

This  scheme  covers  all  forms  of  mineral  deposits,  whether 
metalliferous  or  not,  while  most  of  those  previously  given,  as  well 
as  the  one  that  follows,  concern  only  metalliferous  bodies.  The 
scheme  is  consistently  genetic  and  was  elaborated  because  such 
an  one  filled  its  place  in  lectures  on  mining  better  than  one  based 
on  form.  It  has  not  been  hitherto  printed  and  was  not  known  to 
the  writer  until  the  remainder  of  the  paper  was  practically  com  - 
plcte,  and  then  it  came  to  his  attention  while  talking  the  subject 
over  with  Professor  Munroe.  Tt  gave  such  strong  confirmation  of 
views  already  set  forth,  the  more,  coming  from  the  standpoint  of 
practical  mining,  that  it  is  giadly  introduced.  The  general  prin- 
ciple on  which  the  main  subdivision  is -made,  differs  materially 
from  any  hitherto  given.  Deposits  formed  on  the  surface  are  kept 
distinct  from  those  originating  below,  even  though  the  first  class 
may  afterward  be  buried. 

(>7). 
J.  F.  Kemp,  1892. 
I.  Cf  Igneous  Origin.  Excessively  basic  developments 
of  fused  and  cooling  magmas.  Ills.  Feridotite 
(forming  iron  ore),  at  Cumberland  Hill,  R.  I.* 
Magnetite,  Jacupiranga,  Brazil. |  Magnetite  in 
Minnesota  gabbros.J  Some  magnetites  in  Gab- 
bro,  in  the  Adirondacks.§  Some  Swedish  and 
Norwegian  magnetites.]] 

•  M.  E.  Wadsworlh,  Bull.  Mas.  Comf.  Zoo/,  I880,  vii. 
+  O.  A.  Derby,  Ainer.Jour.Sfi.,  April,  1891,  p.  311. 

J  N.  H.  Winchell,  loti  Ann.  Rtf.  Minn.  Geol Surv.,  pp.  80-83;  BuHilin,  Ti.,  p. 
•35- 

I  Forthcoming  paper  by  J.  F,  Kemp, 

II  ],  H.  L.  Vogl,  Geol.  FSrtn.  i.  Sio.kholm,  Fflrhind,  xiii.,  476,  May,  1891,  English 
Abstract  and  Review  by  J.  J  H.  Tcall,  Geol.  Mag^  Feb ,  \%^t. 
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II,  Deposited  from  Solution. 

1.  Surface  precipitations,  often   forming  beds,  and 

caused  by 
{a.)  Oxidation,   (Bog  ores,  ferruginous  oolites, 

as  in  some  Clinton  ores).* 
(l>)  Sulphurous  Exhalations.     (Pyrite.) 
(f.)  Reduction.    (Pyrite  from  ferrous  sulphate.) 
{d)  Evaporation,  cooling,  loss  of  pressure,  etc 

(Hot-spring    deposits,    Steamboat 

Springs,  Nev.)t 
{e.)  Secretions  of  living  organisms,    (Iron  ores 

by  algie.)t 

2.  Amygdaloidal  fillings   in   igneous   rocks.     (Ke- 

weenaw Point   copper-bearing  amygdaloids ; 
Santa  Rita,  N.  M.,  copper  deposits.)  § 

3.  Disseminations  (impregnations)  in  particular  beds, 

or  sheets,  because  of 

[a.)  Selective  porosity.  (Silver  Cliff,  Colorado, 
silver  ore  in  rhyoUte.||  Silver  Reef, 
Utah,  in  sandstone.^  Keweenaw  Point, 
in  conglomerates.) 

{b.)  Selective  precipitation  by  replaced  lime- 
stones, organic  reductions,  sulphurous 
oils  or  gases,  etc.  (clay-ironstone,  Lead- 
ville  ores,  Texas  and  New  Mexico 
copper  ores  in  Permian  or  Triassic** 
sandstone,  also  Silver  Reef,  Utah,  in 
part    This  sub-group  is  often  related 

to  1 1.) 

•  C.  H.  Smyth,  Jr.,  ^m*r.>«r.  i'rf.,  June,  1891,  p.  487. 

t  G.  F.  Becker,  Monograph,  xiii.,  U.  S.  Ctel.  Survty,  p.  331,  p.  468.  Lanr,  jinn, 
del  Mimi,  1863,  p.  431.  J.  LecoDte,  Anur.Jimr,  Set.,  June,  1883,  p.  414 ;  July, 
1883,  p.  I,    W.  H.V/etd,  Amer./our.  5ci.,  August,  1891,  p.  |66. 

t  Sjogmn,  Berg.  u.  HStl.  Zeit.,  i86s,  p.  1 16. 

i  A.  F.  Wendt,  7>o«j.  Aner.  Inst.  Min.  Eng.,  xv.,  i-j. 

n  Clark,  Eng.  and  Min.  Jeur.,  November  a,  1878,  p,  314.  C.  W.  Cross,  Free, 
Cola.  Set.  Soe.,  1890,  p.  i6g. 

*[  C.  W.  Rolkeri'Trani.  Amer.  Inst.  Min. EHg.,ix.,  il. 
•*  J,  F.  Furman,  Trant.  N.  Y.  Acad.  Sci.,  \i%\-%\  ^.  \l.    J,  S.  NewbeiT]r,  £.  0x1/ 
M.  jfow.,  xxxi.,  p.  5,  also  October  ij,  1884,  p.  369;  January  I,  1881,  p.  4.     Tenth 
Ceruiu,  vol,  xii.,  p.  40  and  p.  473. 
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4.  Filling   yoints    caused    by   cooling  or   drying. 

(Miss:  Valley  gash  veins  in  part.) 

5.  Occupying  Collapsed  {brecciated)  Beds,  caused  by 

solution  and  removal  of  support,  or,  perhaps, 
from  dolomitization  of  limestone.  (Southwest 
Missouri  zinc  deposits,)* 

6.  Occupying  cracks  at  Monoclinal  bends.  Anticlinal 

summits.  Synclinal  troughs.  (Gash  veins,  in 
part  ;t  lead  deposits  at  Mine  La  Motte,  Mo. ; 
Saucon  Valley,  Pa.,  zinc  mines.)^ 

7.  Occupying  Shear-zones   or  dynamically  crushed 

strips  along  faults,  whose  displacement  may 
be  slight.    (Botte,  Mont)§ 

8.  Occupying  Volcanic  necks,  in  agglomerates.   (Bas- 

sick  and  Bull  Domingo  Mines,  Colo.)|| 

9.  True  veins,  filling  an  extended  fissure,  often  with 

lateral  enlargements  [see  3  b\) 

10.  Occupying  Chambers  (caves)  in  limestone.     (Cave 

Mine,  Utah.)! 

11.  Contact  Deposits. 

[a.)  Igneous  rock  forms  at  least  one  wall.  Fu- 
maroles.  (Marquette  Hematites,** 
Greisen.) 

(iS.)  Between  limestone  and  dolomite.  (Aspen, 
CoIo.)tt 

12.  Segregations  formed  in  the  alteration  of  igneous 

rocks.     (Chrooiite  in  serpentine.) 
III.  Deposed  from  Suspension. 

\,  Metalliferous  sands  and  gravels,  whether  now  on 

*  F.  L.  Clerc,  Uad  and  Zinc  On,  iu  S.  fV.  Mo.  Mines,  Carthage,  1887.  A. 
Schmidt,  Mo.  Gtal.  Sum.,  1874,  p.  384, 

+  T.  C  Chamberlain,  Wis.  Gtol.  Sum.,  iv„  1882,  367. 

J  F.  L.  Clerc,  Mineral  Resources,  U.  S.  Gtol.  Sun/.,  1882,  p.  361.  H.  S.  Drinker, 
Trans.  Amer.  Inst.  Min.  Eng.,  i.,  367. 

J  S.  F.  Emmons,  Trans,  Amtr.  Inst.  Min.  Eng.,  xvi.,  49. 

11  C.  W.  Cross,  J^oe.  Cole.  SH.  Soc,  1890,  p.  269. 

TJJ.  S.  Newberry,  S.  of  M.  Quarterly,  March,  I880.  See  also  J,  P.  Kimball, 
on  SanU  Eulalia,  Chihuahua,  Amer.  Jour.  Sci.,  ».,  xlix.,  161. 

"CR.  Van  Hise,  Amer.  >«r.  Jfi.,  February,  1892,  p.  1 16. 

t+  S.  F,  Emmons,  Proc.  Colo.  Sci.  Soc,  vol.  ii.,  part  iii^  p.  251.  C.  Henrich, 
Tram.  Amer.  Inst.  Milt.  Eng.,  xvii^  156,  A.  Lakes,  Ann.  Sep.  Colo.  School  0/ 
Mines,  1886.    W.  B.  Newberry,  Trans.  Amer.  Inst.  Min.  Eng.,  June,  1889. 
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the  surbce  (Placers,  magnetite  sands)  or 
subsequently  buried.  (Deep  gravels,  mag- 
netite lenses  ?) 
2,  Residual  concentraHons  left  by  weathering  of 
matrix.  (Iron  Mountain,  Mo.,  hematite,  in 
part.)* 
IV.  Deposits  whose  manner  of  origin  is  not  fully  proven. 

1.  Lenticular  beds  (veins  ?)  of  pyrite  or  magnetite, 

in  schists  or  gneiss, 

2.  So-called  segregated  veins  of  quartz,  often  aurif- 

erous, in  schists  parallel  with  the  bedding. 

3.  So-called  segregated  veins  of  granite,  often  con- 

taining tin  ores. 

4.  Iron  ores,  referred  to  submarine  volcanic  erup- 

tions, and  abnormally  heated  marine  solutions. 
(Elba,  Vermilion  Lake  District. f) 

5.  Iron  ores,  in  acid  igneous  rocks  supposed  to  be 

themselves  igneous. 

These  terms  are  esteemed  self-explanatory,  but  it  may  be  re- 
marked that  for  all  those  deposited  from  solution,  except  Nos.  I 
(in  part)  and  1 2,  the  supplies  of  minerals  have  come  in,  either  from 
the  leaching  of  the  wall  rock  or  in  uprising  currents  from  below, 
which  follow  some  more  or  less  open  water-way. 

A  few  words  of  comment  may  be  added  on  Group  IV.,  which 
is  regarded  as  problematical.  Why  are  pyrite  and  magnetite  so 
often  in  lenses  that  overlap  like  shingles  and  succeed  one  another 
in  the  footwall?  Such  deposits  of  magnetite  might  be  formed  in 
placers  or  delta  deposits,  but  pyrite  does  not  admit  of  this  explana- 
tion. Is  the  lenticular  shape  due  to  cavities  of  lenticular  cross- 
section  formed  by  the  buckling  of  schists  under  compression  ?  If 
so,  why  the  overlapping  arrangement  ?  Have  they  replaced  beds 
of  limestone,  which  have  been  stretched  into  this  shape  in  dy- 
namical metamorphism  ?  So-called  segregated  veins  of  quartz 
may  be  in  cavities  due  to  movements  along  the  bedding  planes, 
but  the  question  may  be  raised  with  reason,  Do  any  of  the  other 
causes  jiist  cited,  or  still  different  ones,  affect  them  ?     Are  the  so- 

•  R,  Pampell}',  Bull.  Geol.  Sec.  Amir.,  ii.,  p.  aao. 

t  N.  H.  Winchell,  Amir.  Giol.,  iv,  agi,  389.    B»U.  VI.  Min*.  Gtvl.  Sun,. 
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called  granite  veins  true  veins  or  dikes  ?  If  the  latter  is  sometimes 
true,  is  cassiterite  an  early  crystallization  from  an  igneous  magma? 
The  explanation  of  iron  ores  by  submarine  volcanic  eruptions 
brings  us  face  to  face  with  phenomena  of  which  we  actually  know 
little,  and  a  conservative  attitude  impels  one  to  regard  the  hypoA- 
esis  with  some  questioning.  The  last  case  of  the  presence  of  any 
notable  body  of  iron  oxide  in  an  acid  igneous  rock  (as  at  Iron 
Mountain,  Mo,),  and  itself  of  igneous  origin,  affords  us  two  con- 
tradictory phenomena,  which,  under  the  laws  of  rock  crystalliza- 
tion, as  at  present  understood,  would  seem  quite  impossible. 

There  are  a  number  of  other  terms  often  applied  to  ore  bodies, 
such  as  "  chimney,"  "  pipe,"  "  lode,"  "  ledge,"  "  chute,"  etc., which 
are  either  minor  phenomena  of  the  above,  or  are  too  indefinite  to 
be  placed  in  a  scheme  of  classification  as  integral  forms. 
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RAPID  QUALITATIVE  EXAMINATION  OF  MINERAL 
SUBSTANCES. 

By  ALFRED  J.  MOSES,  PH.D.  and  J.  S.  C.  WELLS,  Ph.D. 

This  scheme  is  designed  for  the  rapid  determination  of  the 
essential  constituents  of  minerals,  and  also  for  the  preliminary 
examination  which  should  precede  separation  into  groups  and 
thorough  qualitative  analysis.  Preference  is  given  to  dry  or  blow- 
pipe tests,  but  where,  as  in  silicates,  these  have  proved  unreliable, 
a  simple  wet  method  has  been  introduced. 

The  intention  has  been  to  outline  a  simple  order  of  work  and  to 
give  with  this  confirmatory  tests  in  sufficient  detail  to  enable  any 
one  at  all  familiar  with  analytical  work  to  be  sure  of  results, 
without  having  to  refer  at  each  step  to  some  manual  of  tests. 

The  tests  are  given  in  lai^e  type,  the  confirmatory  tests  and 
notes  in  smaller  type.  A  few  id>breviat!on5,  such  as  S.  Ph.  for 
salt  of  phosphorus,  soda  for  sodic  carbonate,  O.  F.  and  R,  F.  for 
oxidizing  and  reducing  flames,  are  used.  The  general  outline  is 
as  follows : 

I.  Substances  yielding  noticeable  coatings: 

A.  By  gentle  oxidation  upon  blackened  plaster. 

B.  By  reduction  with  soda  upon  charcoal. 

C.  By  the  aid  of  bismuth  flux  upon  plaster. 

II.  Substances  contained  in  the  mass  resulting  from  the  fusion 

with  soda  on  charcoal. 

A.  Magnetic  particles. 

B.  Elements  combined  with  the  soda. 

III.  Substances  which  are  not  driven  from  a  salt  of  phosphorus 

bead  by  reduction. 

A.  The  bead  in  O.  F.  (cold)  is  colorless,  or  very  (aint  yellow. 

B.  The  bead  in  O.  F.  (cold)  is  yellow  or  greenish-yellow. 

C.  The  bead  in  O.  F.  (cold)  is  violet. 

D.  The  bead  in  O.  F.  (cold)  is  green. 
E  The  bead  in  O.  F.  (cold)  is  blue. 

F.  The  saturated  bead  is  either  white  and  opaque  cold  or 
contains  an  appreciable  amount  of  insoluble  matter. 

IV.  Special  tests  for  substances  not  included  in  I,,  II.  or  III. 
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I.  Substances  yieldinif  sub' 
Test  A. — Heat  a  portion  gently  with  O.  F.  upon  a  plaster 
Sb. — White  pulverulent  volatile  coat 

The  compound  often  continues  lo  rorm  in  dea<K  white  futnes  after  cessation  ot 
blast.  The  coating  disappears  before  R.  F.  tiogeing  it  a  pale  yellow  green,  or 
if  scraped  together,  dissolved  in  S,  Pb.  and  just  fused  on  coal  in  contact  witli 
tin  it  will  fonn  a  graj'  or  black  opaque  bead. 


Ab. — White  very  volatile  crystalline  coat. 

The  coat  disappears  before  R.  F.,  tingetng  it  pale  blue  and  evolving  a  character- 
istic garlic  odor. 
There  may  also  be  formed  non-volatile  coatings  of  Sn  or  Zn  near  the  assay,  yellow 
hot,  and  white  cold  ;  yellow  coatings  of  Pb  or  Bi ;  ctystalliae  yellow  and  white  coat- 
ing of  Mo ;  brick  red  to  crimson  coating  and  horseradish  odor  of  Se  and  deep  brown 
coalings  of  Cd  and  Te.    All  of  these  will  be  delected  with  greater  certainty  by  later 


Test  B. — Heat  a  portion  gently,  with  the  R.  F.,  on  charcoal,  and 
and  heat  strongly  with  the  R.  F.  for  three  or  four  minutes.  Pre 

As. — Garlic  odor  and  a  feint,  white  volatile  coat. 

Od. — Dark  brown  volatile  coat,  sometimes  shading  to  greenish- 
yellow  and  usually  surrounded  by  a  variegated  coloration  re- 
sembling the  colors  of  peacock  feathers. 

Zn. — White  not  easily  volatile  coat,  yellow  when  hot. 

8n. — White  non-volatile  coat  close  to  assay,  and  usually  small  in 
amount. 
White  coats  may  form  from  Pb,  Bi  or  alkalis,  yellow  coals  from  Pb  or  Bi,  brown 

or  ted  coats  from  Cu  or  Mo,  and  the  ash  of  the  coal  may  be  white  or  red. 


Test  C. — Mix  a  portion  of  the  substance  with  more  than  an  equal 

with  the  oxidizing  dame. 
Pb. — Chrome-yellow  coat,  darker   hot,  often   covers   the   entire 

tablet. 
Sn. — Brownish  orange  coat 


•  Charcoal  may  be  used,  but  as  plaaier  condenses  the  oxides  closer  lo  the  assay,  the 
able.     See  Moses,  School  of  Mines  Quarterly,  vol.  x.,  p.  321. 
■f  Formed  by  grinding  together  I  pt.  KI,  t  pt.  KHSO„  2  ptB.  S.  See  Moses,  SCHOOL 
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limat«B  on  plaster  or  cliarcoaL 

TABLET  which  has  been  blackened  in.the  lamp  flame.* 

CoNFlkHATlDN  Sb. — If  the  coating  be  scraped  off  and  dissolved  ia  tartaTk  add  -(- 
HCl,  and  the  solatioD  placed  in  a  platinum  capsale  with  a  piece  of  ziac,  aotimany, 
if  present,  will  give  a  black  adherent  staio. 

Coafinned  by  washing  the  stain  with  water,  then  dissolvii^  it  in  it  few  drap$  of  hot 
tanaric  add  plus  a  drop  or  two  of  HCli  oo  adding  H,S  an  orange  predpiiaie  :=  Sb. 


CoNFiKUATiON  As. — The  coating  may  be  dissolved  in  sotudon  of  KOH,  placed  In 
a  test  tube,  a  smalt  piece  of  sodium  amalgam  added,  and  the  lube  covered  with 
a  piece  of  filter  paper  moistened  with  a  ilighify  acid  solution  of  AgNO,.  The  paper 
win  be  stained  black  by  the  AsH,  evolved. 


note  the  results;  then  add  a  spoonful  of  soda  and  a  little  borax, 
serve  tbe  fused  mass  for  subsequent  examination  by  11. 

Confirmation  Cd. — The  coat  fonns  at  &nt  heating,  and  if  fused  with  Na,S,0, 
will  fonn  a  bright  yellow  (CdS)  mass. 

CONPIRMATIOH  Zn  and  Sn. — The  zinc  coat  ii  made  bright  yellowish-green  by 
moistening  with  dilute  cobalt  nitrate  and  igniting. 

Tbe  tin  coat  becomes  bluish-green  on  ignition  with  dilute  cob«lt  nitrate. 

Jf  any  coai  ftnia,  examine  it  far  Zn  and  Sn  by  moisltning  ii  vrilh  cobalt  iolulien 
aad  blmoing  a  slreng  Hue  Jiamt  on  tht  tubslante.  The  eoatings  from  o/ker  eiemenlt 
■will  not  prevent  the  cobalt  coloration. 


volume  of  bismuth  fluxf  sad  heat  gently  upon  a  plaster  tablet 

CoMFUtHATlOits   Ttit  C  (general).— ir  the  test  whh  Usinuth  flux  is  made  upon 
charcoal,  there  would  result 

Pb. — Greeniah-yeltow  coat,  brown  near  the  assay. 

As,  Sb,  Hg,  Bi.— Vciy  faint,  volatile,  yellow  or  reddish  coal  at  a  distance, 

Sn, — By  strong  beat  a  white  coat  of  the  oxide, 

BL — Bright-red  band,  with  sometitnes  an  inner  fritlge  of  yellow. 

Tolatile  coatingsof  arsenic  and  antimony  upon  it  are  much  thicker  and  more  notiee- 

OF  Minis  Quartbslv,  vol.  x,  p.  324. 
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As. — Reddish-orange  and  yellow  coat,  darker  hot 
8b. — Orange  to  peach  red  coat,  very  dark  when  hob 

HST- — Gently  heated,  bright  yellow  and  scarlet  coat,  very  volatile, 
becomes  all  scarlet  on  standing;  but  if  quickly  heated,  the 
coat  formed  is  pale  yellow  and  black. 

Bi. — Bright  scarlet  coat  surrounded  by  chocolate>brown  with  some- 
times a  reddish  fringe. 

Lacg^  amoDDts  of  certain  other  elements  may  yield  colored  Bablimates,  and  on 
smoked  plaster  certain  while  subliniates  are  obtainable  :  in  all  cases  the  elements  are 
delected  wilb  greater  certainty  by  other  tests,  bat  for  convenience  they  are  here  sum. 
marized  Se,  reddish  brown;  Te,  purplish-browD,  with  deep  brown  borderi  Mo,  de«p 
ultramarine  bloe ;  Co,  Cd,  Zn,  white  (on  somked  plaster). 


n.  BnbstanceB  *  con-tamed  in  the  mass 
Crush  and  pulverize,  collect  any  magnetic  particles  with  the  mag- 
moisten  with  water  and  let  stand. 

Test  A.  Dissolve  some  of  the  magnetic  particles  in  a  borax  bead 

Te. — The  bead  is :  O.  F.  hot,  yellow  to  red ;  O.  F.  cold,  colorless 
to  yellow ;  R.  F.  cold,  bottle-green. 

Hi.— The  bead  is  :  O.  F.  hot,  intense  violet ;  O.  F.  cold,  pale  brown  ; 
R.  F.  cold,  colorless. 


Oo. — The  bead  is :  O.  F.  and  R.  F,  hot  or  cold,  a  deep  pure  smalt 
blue ;  if  greenish  when  hot,  prcrfxibly  Fe  or  Ni  is  also  there. 


*  There  may  be  contained  in  the  soda  also  metallic  particles  or  buttons,  which 
Brittle — Sb,  white;  Bi,  reddish- white. 
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CONFIKUATION  As. — The  coat  becomes  lemon-yellow  when  moistened  with  {NHj),S. 
C0!4FlltHATlON  Sb. — The  coal  becomes  oraoge  when  moistened  with  (NH,)^. 

COHFntMATiON  Hg. — ir  the  substance  is  heated  gently  in  e.  closed  tube  or  matrass 
wiih  dry  soda  or  litharge,  a  mirror-like  sublimate  will  form  which  may  be  collected 
into  liKle  globules  of  Hg,  by  rubbing  with  a  match  end. 

Confirmation  BL — The  coat  is  turned  orange-yellow,  then  cherry.red,  by  fumes  of 
NH„  which  may  conveniently  be  produced  by  heating  a  few  crystal!  of  S.  Pb.  on 


revolting  firom  the  ftuion  vith  aoda  on  coal. 

net ;  place  the  balance  of  the  powder  upon  a  bright  silver  surface, 


with  the  O.  F.     Try  also  effect  of  R.  F. 

CONFIKHATIOH  Fe. — The  magnetic  particles  yield  with  HNO,  a  brown  solution 
ftxHn  which,  after  evaporating  excess  of  acid,  K^FeCy^  throws  down  a  blue  precipitate. 

Confirmation  Ni.— If  the  excess  of  acid  be  driven  off  by  evaporation,  KCy  added 
in  excess,  and  the  solution  then  made  strongly  alkaline  with  KOH,  two  at  three  drops 
of  pure  bromine  will  give  a  black  precipitate  of  Ni,(OH)p  Should  the  nddition  uf 
the  bromine  make  the  solution  neutral  or  acid,  more  KOH  must  Ite  added  until  '^'^' 
tion  becomes  strongly  alkaline. 

Confirmation  Co.~The  magnetic  particles  yield  with  UNO,,  a  rose-red  solution 
which  becomes  blue  on  evaporation. 


may  be  roughly  recogniied  by  color  ahd  tenacity  as  follows : 

Malleable — Ag,  silver-white:  Sn,  white;  Fb,gray;  Anij'ellow;  Cu,  r«d. 
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Test  B. — The  bright  silver  is  stained  black  or  dark  brown. 
Unless  the  horseradish  odor  of  Se  or  the  brown  coatings  of  Se 
and  Te  with  bismuth  flux  have  been  already  obtained,  this 
stain  will  prove  sulphur. 
S. — The   soda    fusion   will   evolve   H^,   when    moistened   with 
HCl. 
To  distinguish  sulphide  from  sulphate,  fuse  a  IJItle  of  the  originftl  substance  with 
>oda  in  a  poccclaia  cmcijile,  put  a  piece  of  bright  silver  in  the  crucible  and  add 
a  liitte  water.     A  black  stain  equals  sulphide.     Remove  silver,  dissolve  fusion 
in  hoc  water  aod  lilter,.  acidify  fillrBte  with  HCl.    Evolutiea  of  H,S  if  sulphide 
is  present.    Add  BaCl,,  white  precipitate  equals  sulphate. 

Se. — Characteristic  disagreeable  horseradish  odor  during  fusion. 
Te.— The  quite  cold  soda  fitsion  added  to  hot  water  produces  a 
purple-red  solution. 

TIT  ExHmiiuitioii  in  salt 
Dissolve  substaDce  in  salt  of  phosphorus  in  O.  F.  so  long  as  bead 

utes  in  a  strong,  R.  F,  to  remove  volatile  compounds.     Note 

cold. 
Test  A. — If  tiie  bead  in  O.  F.  ccM  is  colorless  or  very  faint  yel- 

dissolve  in  hot  dilute  (^)  HO  with  addition  of  a  little  metallic 
le. — The  reduced  bead  is  colorless. 
Ti. — The   reduced    bead   is    violet,   the   solution   is  violet   and 

turbid. 
Ho. — ^The  reduced  bead  is  green^  the  solution  ls  dark-brown. 


W. — The  reduced:  bead  is  green,  tflie  solutuin  is  deep  blue. 


Test  B. — If  the  bead,  in  O.  F,  cold,  is  colored  yellow  or  greenish- 
TT. — In  R.  F.  the  beadi  will  be  dull  green  hot,  fine  green  cold. 


*  If  any  of  I.  and  II.  have  been  found  except  Co,  Ni  and  Fe  it  is  beUet  to  snbmi 
ally,  and  if  it  agglomettitcs,  r«pulverti«  and  again  roost.    Continue  till  no  noticeable 
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Confirmations  S.— By  holding  in  ihe  gas  a  piece  of  filter  paper  moistened  with  a 
drop  or  Iwo  of  lead  acetate  (test  is  made  more  sensitive  hy  adding  a  drop  of  Bmma- 
Dia  to  the  acetate),  the  paper  will  be  stained  black. 

The  soda  fusion  dissolved  in  water  wilt  give  a  brownish  black  precipitate  on  addi- 
tiOD  of  a  solution  of  lead  acetate  in  KOH, 

The  soda  fusion  moistened  with  water  on  a  walch  gkss  will  yield  a  magnificent 
purple- red  color  on  addition  of  sodium  nitro-prusside. 


Confirmation  Te. — If  a  little  of  the  original  substance  is  dropped  into  boiling 
concentrated  H,SO,  a  deep  violet  color  is  produced,  this  disappears  on  further 
besting. 

of  phoflphorus  bead.* 

remains  clear  on  cooling.      Treat  then  for  three  or  four  minv 
the  colors  hot  and  cold,  then  re-oxidize  and  note  colors  hot  and 

low,  reduce  it  on  coal  with  tin,  and  if  then  colored  pulverize  and' 
tin. 

CONFIKUATION  Fe. — The  bead  in  its  previous  treatment  should  have  been  O.  F, 
hot,  yellow  to  red ;  O.  F.  cold,  colorless ;  R.  F,  cold,  bottle  green. 

Confirmation  Mo. — Heat  a  little  of  the  substance  in  Ft  foil  with  a  few  drops  at 
cone  HNO,,  heat  until  excess  of  HNO,  has  all  volatilized,  then  add  a  few  drops  of 
strong  H,SOf  and  heat  until  copious  fumes  are  evolved ;  cool,  and  breathe  upon  ihcr 
cooled  mass,  an  ultramarine  blue  ^  Mo. 

Heat  substance  on  charcoal  inO.  F. ;  scrape  off  coating  obtained,  dissolve  in  NH,OH 
aaA  add  to  an  ixctss  0/ HflfO^:  then  add  one  drop  of  dilute  solution  of  Na,HPO^  a- 
jrellow  ppl.  =  Mo.     (As  must  not  be  present.) 

yellow,  treat  it  in  a  strong  reducing  flame. 

CoHFtRMATION  U.— Make  a  Na,CO,  fusion,  dissolve  in  HCl  or  H^„  add  a  few 
drops  of  H^  water,  and  if  it  gives  any  precipitate,  add  it  in  excess  and  lilter  ;  to  fil- 
trate add  a  few  drops  of  HNO,  and  boil,  then  add  NH,OH  to  alkaline  reaction,. 
61ler,  wash  precipitate  with  ammonia  water,  and  then  treat  precipitate  with  a  concen- 
trated solution  of  (NH,),CO,  +  NH.OH.  filter  and  acidify  filtrate  with  HCl,  and 
add  KjFeCy^  Brown  ppt.  =  Ur. 
the  substance  to  a  slow  heating  in  the  O.  F.  and  R.  F.    Turn  the  material  occasion- 
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V. — In  R.  F.  the  bead  will  be  brownish  hot,  fine  green  cold. 


HL*— In  R.  F.  the  bead  will  be  reddish  hot,  yellow  cold. 


Test  C— If  the  bead  in  O.  F-,  cold,  is  colored  violet,  touch  the 
Ibl. — ^The  bead  is  made  deep  permanganate  color. 


Test  D. — If  the  bead  in  O.  F.,  cold,  is  colored  green,  the  sub- 
with  the  addition  of  nitre  or  KClOj, 

Or.— A  bright  chrome  yellow. 

There  may  be  green  bead  from  admixture  of  a  blue  and  a  yellov.    If  Cr  is  not 
proved,  examine  in  such  a  case  by  texts  B  and  E  with  unusual  cue. 


Test  E. — If  the  bead  in  O.  F.,  cold,  is  colored  blue. 
Oo. — The  bead  is  deep  blue,  hot  and  cold,  in  both  flames. 
On. — The  bead  is  green,  hot,  greenish-blue,  cold,  and  on  reduction 
becomes  opaque  brownish-red. 


*  If  the  absence  of  Ni  is  not  proved,  or  Co  obscures  the  tests,  dissolve  the  ^nhslancc 
If  a  visible  button  resolis,  separate  it  from  the  borai,  and  treat  triih  S.  Ph.  in  the 
If  no  visible  butloa  cesuUs,  add  cither  a  small  gold  button  or  a  few  grains  of  lest 
quently  changed  boracic  acid  to  small  size,  stopping  the  instant  (he  boracic  add  is 
Complete  the  removal  of  lead  by  O.  F.  on  coal,  and  treat  as  below. 
Treat  the  goldalloy,  or  the  residual  button  from  the  lead  alloy,  on  coal,  with  fic- 
The  metals  which  have  united  wiih  the  gold  or  lead  will  be  successively  oxidiied, 

Co.— Blue,  hot;  blue,  cold.     May  slay  in  the  slag. 

Nt. — Brown,  ht*;  yellow,  cold.     May  give  green  with  Co  or  Cu. 

Cu. — Green,  hot ;  blue.  cold.     Made  opa<jue  red  by  Sd  and  R.  F. 
The  slag  should   contain  the   more   easily  oxidiiable  roclals,  and  be  free  from  Cu, 
it  must  be  removed  by  further  reduction  with  Pb.     Pulverize  the  slags  anddiK^ve  a 
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CoNFiKUATiON  V. — Fasc  snbslance  with  Na,CO,  ia  O.  F.  and  dissolve  fusion  in  a 
few  drops  of  dilute  H,SO,  or  HCI,  add  a  piece  of  uac  and  warm ;  blue  color  changing 
lo  green  and  finally  violet  ^  V. 

Or,  shake  add  solution  with  ether  and  hydrc^n  dioiidc,  and  if  V  is  present,  the 
aqueous  solution  becomes  red. 

CONFiKHATiON  Ni.— The  hot  bead  in  O.  F.  will  be  intente  violet. 


bead  while  hot  to  a  crystal  of  nitre. 


stance  is  fused  with  a  pa^te  of  soda  on  platinum  wire  in  the  O*  F., 


Confirmation  Cr. — If  the  soda  bead  is  dissolved  in  water ;  filtered,  if  necessary, 
acidified  with  acetic  acid  and  a  drop  or  two  of  plumbic  acetate  added,  a  yellow  predpi- 
lale  will  be  formed. 

By  dissolving  the  soda  bead  in  water,  acidifying  with  U^SO^  and  adding  it  to  a 
very  dilute  solution  of  hydrogen  dioxide  covered  with  a  layer  of  ether,  on  closing  the 
test  tube  with  the  thumb  and  inverting  it  two  or  three  times,  the  ether  will  become  blue 


COHFIItHATtDN  Cu. — Boil  a  few  grains  of  the  substance  with  strong  HNO,,  add 
excess  of  NH,OH,  deep  blue  solution  ^  Cn.  Acidify  blue  solution  with  acetic  acid 
and  add  K,PeCy,.     Reddish-brown  predpitate  ^  Cu. 

in  borax  on  coal  to  saturation,  and  treat  for  live  minutes  iu  hot  R.  F. 

O.  F.,  replacing  the  S.  Ph.  when  a  color  is  obtained. 

lead.    Continue  the  reduction,  and,  if  lead  has  been  used,  scorify  the  button  with  fre- 

colored,  by  Co,  Ni  or  Co,  bine,  yellow  or  red  respectively. 

quently  changed  S.  Ph.  in  strong  O.  F. 

and  their  oxides  will  color  the  S.  Ph.  in  the  following  order : 


ta  and  Ag.     Test  a  portion  with  S.  Ph.  and  Sn  to  prove  absence  of  Cu.    If  present 
portion  inS,  Fb.  and  examine  by  III. 
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Test  F.* — If  the  saturated  bead  in  O.  F.  is  white  and  opaque. 

This  result  may  be  due  to  one  or  more  of  Ba,  Ca,  Sr,  Mg,  AI,  SiO„  Sn,  Ti,  and 
SiO,. — The  insoluble  material  is  in  the  form  of  a  translucent  cloud, 
jelly-like   mass,  or   skeleton  form  of  the  original   material 
added. 

(a)  Treat  the  finely  pulverized  mineral  with  Zn  and  HCl  in  con- 

with  HgCI,. 
Sn. — White  or  gray  ppt. 

(b)  Moisten  the  roasted  substance  with  cobalt  solution,  and  heat 
Mg. — Pale  pink  or  ffesh  color.     Violet  if  present  as  either  arsenate 

or  phosphate. 
Al. — Beautiful  blue,  infusible. 
SiOj.— Faint  blue. 

There  nay  also  be  blues  from  fusible  silicates,  phosphates  and  borates,  greens 
from  oxides  of  Zn,  Sn,  Ti,  Sb,  violet  from  Zr  and  various  indefinite  browns  and  grays. 

(c)  Moisten  the  flattened  end  of  a  clean  platinum  wire  with  dilute 

strongly  at  the  tip  of  the  blue  flame,  and  gently  near  the 
Ba. — Yellowish-green  flame,  bluish-green  through  green  glass. 
Oa. — Yellowish-red  (brick-red)  flame,  green  through  green  glass. 
Sr. — Scarlet-red  flame,  faint  yellow  through  green  glass. 

This  test  may  also  show  : 
Li. — Carmine-red  flame,  invisible  through  green  glass. 
K. — Rose- violet  flame,  reddish-violet  through  blue  glass. 
Na. — Orange-yellow  flame,  invisible  through  blue  glass. 

There  may  also  be  produced  Cu  aiure  blue  and  emerald  green ;   Se  and  As  pale 
blue;  Ho,  Sb,  Te  pale  green. 

When  tests  (b)  and  (c)  fail  to  give  satisfactory  results,  proceed 
as  follows : 

(d)  Remove  the  volatile  constituents  as  thoroughly  as  possible 

twice  the  quantity  of  NH^F,  and  a  few  drops  of  concentrated 
and  H^O^,  and  heat  again  in  the  same  way.  To  the  residue 
drops  of  H^Oj,  and  heat  ten  or  fifteen  minutes  at  a  temper- 
no  more  SOj  is  given  off,  then  add  a  few  drops  of  concen- 
When  fusion  is  quite  cold,  dissolve  in  cold  water  and  filter. 
KeddTie  a.— Boil  with  strong  solution  of  (NH^ljSO^  and  filter. 

*  In  addition  to  SiO,  we  have  here  the  natural  alumina  and  aluminales,  oxides 
fail  in  roost  natural  silicates,  espedalty  where  ihe  substance  U  dark  colored  or  fusible. 
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when  cold,  or  contains  an  appreciable  amount  of  insoluble  material, 
there  may  be  revealed  also  Li,  K,  Na,  Fe,  etc. 

CosFiBMATiON  SiOp — MiK  the  dry  substance  with  a  little  dry  Huoride  (free  from 
SiO,),  place  in  a  dry  test  tube  and  add  H,SOj  (cone)  and  heat  gently,  hold  in  fumes 
given  oS,  a  drop  of  water  in  loop  of  platinum  wire ;  SiO,  will  be  separated  on  coming 
in  contact  with  the  water,  forming  a  jelly-like  mass. 
tact  with  platinum.t     Dissolve  any  reduced  metal  in  HCl  and  test 


strongly. 


hydrochloric   acid,   dip   it   in   the   roasted   substance,   and   heat 
wick.     Remoisten  with  the  acid  frequently. 


by  roasting,  then  heat  gently  in  a  platinum  capsule,  with  about 
HjSO,  as  long  as  fumes  are  given  off;  add  a  little  more  NHjF 
in  the  capsule,  add  two  or  three  parts  of  KHSO„  and  a  few 
ature  just  sufficient  to  slowly  drive  off  fumes  of  SOj.  Heat  until 
trated  HjSO,,  and  heat  again  for  a  minute. 


of  tin,  oxide   of  titanium,  etc.     The  usual  reactions  for  Ba,  Ca,  Sr,  Mg,  Al,  also 
f  See  Wells.  S.  of  M,  Quart. 
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Residue  b.  Filtrate  b. 

Moisten  with  concentrated  HCl    Add  a  few  drops  of  HjS  water; 
and  try  coloration  of  flame.  if  any  precipitate  forms,  sat- 

Ba. — Yellowish -green  flame.  urate  with   HjS  and  filter, 

St.— Scarlet  flame.  and  to  filtrate  add  NHjOH 

and  (NH,),C,0,. 
Oa. — A  white  precipitate. 
Filtrate  a. — Divide  into  four  parts  and  test  as  follows : 
i"*.  Add  a  piece  of  Zn  or  Sn  and  a  little  HCl,  and  heat 
Ti. — A  violet  or  blue  solution. 


2°.  Add  excess  of  KOH  *  or  NaOH,  boil  and  filter,  and  to  filtrate 

add  excess  of  NH^Cl.  and  boil. 

Al. — White  precipitate. 

Dissolve  ppt.,  produced  by  the  KOH  or  NaOH,  in  HCl,  and  add 

K^FeCy,. 

Fe. — Blue  precipitate. 

3.  Add  NH^OH  +  (NH()a  S  in  sUgla  excess  and  filter;  to  filtrate 

add  Na,HPOi. 

Ug. — White  crystalline  precipitate. 

4°,  Add  BaClj  as  long  as  it  gives  a  precipitate,  then  Ba(OH)j  to 
NHjOH  and  heat,  filter;  evaporate  filtrate  to  dryness  and 
Na ;  dissolve  residue  in  a  few  drops  of  water  (filtering  if  ncces- 

K. — Yellow  cryst.  ppt. 


IV.— Special  tests  fbr  substances 

Test  A. — Cupellation  for  silver  and  gold.     Fuse  one  spoonful  of 

2  vols,  of  test  lead  in  R.  F.  for  about  two  minutes.     Remove 

on  cupel  and  blow  O.  F.  across  it,  using  as  strong  blast  and 

If  the  litharge  is  dark,  or  if  the  button  freezes  before  brightening, 

borax,  add  more  test  lead,  and  again  cupel  until  there  re* 

•  Be  sure  that  the  KOH  or  NaOH  is  free  from  Al  and  SiO,;  tbey  oi 
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CoKFiRMATiON  Btt  and  Sr.— Or  may  lest  residue  b  is  follows :  Fuse  wilh  two  to 
three  pU.  ^  soda  in  a  plminum  capsule;  lieat  fusion  with  boiling  water,  filter,  reject 
filtrate,  dissolve  residue  in  acetic  acid,  add  a  few  drops  H,S  water,  if  it  gives  any- 
precipitate,  saturate  wilh  H,S  and  filter,  and  to  filtrate  add  K,Cr,0,,  Ba  =  yellow 
precipnlHle.  Filter  and  to  lilirate  add  CaSO^  vami  and  let  stand.  Sr  ^  white  pre- 
cipitate. 


Confirmations  Ti,— Nearly  neutralize  solution,  and  then  add  Na,S,0„  and  boil 
While  ppi.  =  Ti. 

Or,  make  solution  slightly  alkaline,  and  then  acidify  slightly  with  HCl,  and  add 
Na,HPO,.     White  ppi,  =  Ti. 


Confirmation  Mg. — If  phosphates  are  present  this  tesi  would  not  be  reliable  for 
Mg.  In  such  cases  test  a  few  drops  of  the  solution  with  H,Si  if  it  causes  any  precipi- 
tate, saturate  the  whole  of  the  solution  with  it,  filter,  and  to  filtrate  add  a  few  drops  of 
HNO„  and  boil  (lo  oxidize  FeO),  nearly  neutralize  with  solution  of  Na,CO,  (if  iron 
ii  not  present,  add  a  few  drops  of  Fe,Clf.  enough  to  give  a  red  precipitate  wilh  the 
Mxtium  acetate],  dilute  and  add  excess  of  sodium  acetate,  and  boil,  Ulter,  and  to  fil- 
trate add  NH,OH  +  (NH,),S,  filter,  to  filtrate  add  Na,HPO,.  White  crystalline 
precipitate  ^  Mg. 

alkaline  reaction,  boil,  filter,  and  to  filtrate  add  (NH4),C0j  and 
ignite  to  drive  out  NHj  salts.  Test  residue  in  flame  for  K  and 
sary)  and  then  add  H.PtClj  (PtC!,)  and  alcohol. 

Confirmations  Nb,  K. — Mix  I  part  of  the  silicale  with  5-6  parts  of  CaCO,  (pre- 
cipitaled]  and  I  part  of  NH,CI,  heat  to  redness  in  platinum  capsule  for  thirty  minutes 
(apply  heat  gently  at  first),  digest  sintered  mass  in  hot  water,  and  fiitcr^  lo  filtrate  add 
I.NH,],CO,  and  NH,OH,  heat  and  filter,  evaporate  filtrate  to  dryness  and  ignite  gently 
until  all  ammonia  salts  are  driven  off,  then  determine  Na  and  K  as  above. 


not  inditded  in  I.  II.,  m. 

roasted  substance  on  charcoal  with  i  vol.  of  borax  glass,  and  l  to 
button  and  scorily  it  in  R.  F.  with  fresh  borax,  then  place  button 
as  little  flame  as  are  consistent  with  keeping  the  button  melted, 
or  if  it  brightens  but  is  not  spherical,  rescorify  it  on  coal  with 
mains: 
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Ag. — A  bright  white  spherical  button  unaltered  by  further  blow- 
ing. 

An. — A  residue,  after  boiling  the  button  in  HNO,,  which  becomes 
golden-yellow  on  ignition. 


Test  B.  Heat  substance  in  matrass  with  potassic  bisulphate. 
NjOi, — Reddish-brown  vapor  with  characteristic  odor. 

Br. — Red  dish -brown,  choking  vapor. 
01. — Yellowish-green  vapor. 
I. — Violet  choking  vapor. 


H. — The  glass  of  the  mattrass  is  corroded,  and  if  SiO,  is  present 
a  film  of  SiO,  is  often  deposited. 
There  may  also  be  evolved  various  colorless  gaieg,  such  as  SOpHjS,  CO^  elc. 
which  ate  more  safely  recc^niied  by  other  itsls. 

Test  C. — Heat  the  substance  gently  with  water  to  remove  air 
OOj. — Effervescence  continuing  after  heat  is  removed. 

5  evolved,  but  usually  the  odor  will  distinguish 


Test  1). — Place  a  piece  of  Mg  wire  in  a  closed  tube,  and  cover 

mass  takes  fire,  cool  and  add  water. 

P. — Evolution  of  phosphuretted  hydrogen. 


Test  E.— Make  a  paste  of  four  pts.  KHSO^,  one  pt.  CaF„  water 
B. — Just  after  water  is  driven  off  there  will  be  a  bright  green 
flame. 
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CoNFiaxATiON  Ag. — Dissolve  in  a  drop  of  HNO^  and  add  a  drop  of  HCI,  pro- 
ducing a  white  curd-tike  precipitate. 


Confirmation  N,0(- — Heal  in  teat  lube  wiih  a  small  piece  of  copper  or  copper 
filings,  and  cone.  H,SO,.  red  or  brown  fumes  =•  nilrales  or  nitKtes. 

Confirm ATioNs  Br,  CI,  t. — ^turate  a  salt  of  phosphorus  bead  with  CuO,  add  sub- 
stance, and  treat  in  O.  F.  Br,  azure  blue  and  emerald  green  flame.  Cl>  pure  axure 
blue  Same.     1,  emerald-green  ilame. 

Fuse  with  Na,CO,,  pulverize  and  mix  with  MnO,,  and  add  a  few  drops  of  cone. 
H,50,,  and  heat.     CI,  ye  Ho  wish- green  gas  that  bleaches  v^etable  colors.     Br,  red 

Fuse  with  Na,CO„  dissolve  in  water,  make  slightly  acid  with  H,50„  and  add 
Fe,(i>0,)i  (Ferric  alum  may  be  used),  and  boil ;   I,  violet  futnes  (turn  starch  paper 

bi.=). 

CONPIRMATIOM  Fl. — If  the  substance  be  mixed  with  silica  and  then  heated  with 
concentrated  sulphuric  acid,  and  the  fumes  caught  on  a  drop  of  water  held  in  a  loop 
oi  platinum  wire,  gelalinoui  silica  will  form  in  the  water. 


bubbles  and  then  with  dilute  hydrochloric  acid.  ' 

CoxFiKHATioN  Co,. — If  (he  gas  is  passed  into  lime  water,  a  white  cloud  and  p 
will  be  produced. 


the  wire  with  a  mixture  of  soda  and  the  substance.     Heat  till  the 


CoMFIR3iATiONs  P. — Fuse  a  tlHle  of  the  substance  (previously  Toasted  if  it  contains 
As)  with  two  or  three  pis.  Na,CO,  and  I  NaNO,,  dissolve  in  HNO„  and  add  excess  of 
(NH,),Mo04,  yellow  ppi.  =  P,0,.  In  presence  iff  SiO,  it  is  well  to  confirm  this  ppi. 
by  dissolving  it  in  dilute  NH,OH,  allowing  it  to  stand  for  half  an  hour  and  tiltetmg 
off  any  SiO,  that ' separates,  then  to  liltrate  adding  magnesia  mixture,  (MgCI,-j- 
NH,CI  +  NHjOH)  and  while  ppt.  =  P,0,.) 

Or,  lake  nitric  acid  solution  of  fusion,  make  alkaline  with  NH,OH,  then  acidify 
vilh  acetic  acid  and  add  drop  or  two  of  Fe,C1,,  yellow  while  ppt.  =•  ^,0,. 


and  substance.     Treat  at  tip  of  blue  flame. 

Confirmation  B. — Heat  some  of  the  substance  gently  on  platinum  wire,  then  add 
a  drop  of  concentrated  H,SO,,  heat  very  gently  again,  just  enough  to  drive  otT-excesa 
of  H,SOj,  dip  in  glycerine,  hold  in  flame  until  glycerine  liegins  to  burn,  remove  from 
flame,  and  the  mass  will  continue  burning  with  a  green  flame. 
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THE  VOLUMETRIC  ESTIMATION  OF  ZINC. 

Bv  BERTRAND  C,  HINMAN,  PH.B.,  A.M. 

The  Colorado  Scientific  Society  outlined  a  plan,  sometime  ago, 
of  endeavoring  to  establish  a  uniformity  in  the  technical  methods 
of  analysis  in  the  West.  For  its  first  effort,  a  committee  of  sev- 
eral chemists  was  appointed  to  investigate  the  methods  for  the  de- 
termination of  zinc  in  ores,  and  their  report  was  presented  to  the 
Society  in  June,  1892. 

The  ores  submitted  were  from  widely  separated  localities  in  Col- 
orado ;  they  were  mixtures  of  galenite,  pyrite,  and  sphalerite,  ac- 
companied by  greater  or  less  percentages  of  manganese  in  the 
form  of  rhodochrosite,  associated  with  a  quartzose  gangue. 

To  obtain  a  standard  of  comparison,  the  samples  of  ore  sub- 
mitted by  the  committee  were  analyzed  by  Mr,  L.  G.  Eakins,  of 
the  U.  S,  Geological  Survey.  The  method  followed  by  him  was 
the  conventional  one — in  short,  as  follows : 

The  ore  was  extracted  with  aqua  regia,  and  the  solution  precipi- 
tated with  sulphuretted  hydrogen.  In  the  filtrate  from  this  precipita- 
tion the  iron  was  separated  by  precipitating  twice  as  basic  acetate, 
and  once  with  ammonia.  In  these  filtrates,  combined  and  acidulated 
with  acetic  acid,  the  zinc  was  precipitated  as  sulphide,  dissolved, 
precipitated  as  carbonate,  and  weighed  as  oxide. 

Several  chemists  of  metallurgical  works  in  Colorado  made  anal- 
yses of  the  samples,  and  their  methods  and  results  are  given  in  the 
report.  They  were,  however,  essentially  like,  or  modifications  of, 
the  method  of  Messrs.  Von  Schultz  and  Low,  which  received  the 
approval  of  the  committee.     The  operation  is  as  follows  : 

"  Prepare  a  solution  of  ferrocyanide  of  potassium  by  dissolving 
44  grammes  of  the  pure  salt  in  distilled  water  and  diluting  to  I  litre. 
Standardize  as  follows: 

"  Dissolve  exactly  200  milligrams  of  pure  oxide  of  zinc  in  a 
beaker  in  10  c.c.  of  strong,  pure  hydrochloric  acid.  Now  add  7 
grains  of  C.  P.  chloride  of  ammonium  (the  commercial  article  fre- 
quently contains  a  little  copper),  and  about  100  c.c.  of  boiling-hot 
water.   Titrate  the  clear  liquid  with  the  ferrocyanide  solution  until 
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a  drop,  when  tested  on  a  porcelain  plate  with  a  strong  aqueous  so- 
lution of  acetate  of  uranium,  shows  a  brown  tinge.  About  16  c.c. 
of  fcrrocyanide  will  be  required,  and  accordingly  nearly  this  amount 
may  be  run  in  rapidly  before  making  a  test,  and  then  the  titration 
finished  carefully  by  testing  after  each  additional  drop  of  ferrocyan- 
ide.  As  soon  as  a  brown  tinge  is  obtained,  note  the  reading  of  the 
burette,  and  then  wait  a  minute  or  two,  and  observe  if  one  or  more  of 
the  previous  tests  do  not  also  develop  a  brown  tinge.  Usually,  the  end 
point  will  be  found  to  have  been  passed  by  a  test  or  two,  and  the 
proper  correction  must  then  be  applied  to  the  burette  reading. 
Finally,  make  a  further  deduction  from  the  burette  reading  of  the 
amount  of  ferrocyanide  necessary  to  produce  a  brown  tinge  under 
the  aame  conditions  when  no  zinc  is  \  resent.  This  correction  is 
about  2  drops,  or  0.14  C.c. 

"  200  mg.  of  oxide  of  zinc  contain  160.4  ""g-  of  =^iic.  at"^  '  <:-c. 
of  the  above  standardized  solution  will  equal  about  0.01  grains  of 
zinc,  or  about  i  per  cent,  when  i  gramme  of  ore  is  taken  for  assay. 

"  Prepare  the  following  solutions  for  the  assay  of  ores: 

"A  saturated  solution  of  chlorate  of  potassium  in  nitric  acid, 
made  by  shaking  an  excess  of  the  crystals  with  the  strong  pure 
acid  in  a  flask.     Keep  the  solution  in  an  open  flask. 

"A  dilute  solution  of  chloride  of  ammonium,  containing  about 
10  grammes  to  the  litre.     For  use,  heat  to  boiling  in  a  wash-botde. 

"  A  wash-bottle  of  hot  water. 

"  Take  exactly  one  gramme  of  the  ore,  and  treat  with  25  c.c.  of 
the  above  chlorate  solution  Do  not  cover  the  casserole  at  first,  but. 
warm  gently  until  any  violent  action  is  over  and  greenish  vapors, 
have  ceased  to  come  off.  Then  cover  with  a  watch-glass  and  boil 
rapidly  to  complete  dryness,  but  avoid  overheating  and  baking., 
A  drop  of  nitric  acid  adhering  to  the  cover  does  no  harm.  Cool, 
sufficiently,  and  add  7  grammes  of  chloride  of  ammonium,  15  cj:. 
strong  ammonia  water,  and  25  c.c,  of  hot  water.  Boil  the  covered: 
mixture  one  minute,  and  then,  with  a  rubber-tipped  glass  rod  see 
that  all  solid  matter  on  the  cover,  sides,  and  bottom  of  the  casr- 
serole  is  either  dissolved  or  disintegrated.  Filter  into  a  beaker, 
and  wash  several  times  with  the  hot  chloride  of  ammonium. solu- 
tion, A  blue  colored  filtrate  indicates  the  presence  of  copper.  In 
that  case,  add  25  c.c.  of  strong,  pure  hydrochloric  acid  andabout 
40  grammes  of  granulated  test-lead.  Stir  the  lead  about  in  the  beaker 
until  the  Uquid  has  become  perfectly  colorless,  and  then,  a  little 
longer  to  make  sure  that  the  copper  is  all  precipitated.    The  so- 
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lution,  which  should  still  be  quite  hot,  is  now  ready  for  titration. 
In  the  absence  of  copper,  the  test-lea^  is  omitted,  and  only  the 
acid  added.  About  one-third  of  the  solution  is  now  set  aside.and 
the  main  portion  is  titrated  rapidly  with  the  ferrocyanide  until  the 
end  point  is  passed,  using  the  uranium  indicator  as  in  the  stand- 
ardization. The  greater  part  of  the  reserved  portion  is  now  added, 
and  the  titration  continued  with  more  caution  until  the  end-point 
is  again  passed.  Then  add  the  remainder  of  the  reserved  portion, 
and  finish  the  titration  carefully — ordinarily,  by  additions  of  two 
drops  of  ferrocyanide  at  a  time.  Make  corrections  of  the  final 
reading  of  the  burette  precisely  as  in  standardization. 

"Gold,  silver,  lead,  copper,  iron,  manganese,  and  the  ordinary 
constituents  of  ores  do  not  interfere  with  the  above  scheme.  Cad- 
mium behaves  like  zinc  ;  when  known  to  be  present,  it  may  be  re- 
moved, together  with  the  copper,  by  the  proper  treatment  with 
sulphuretted  hydrogen;  and  the  titration  for  zinc  maybe  made 
upon  the  properly  acidified  filtrate,  without  the  removal  of  the  ex- 
cess of  gas.  There  seems  to  be  no  simpler  way  of  removing  cad- 
mium. 

"  Notes  on  the  above  scheme  : 

"  Acids  destroy  the  delicacy  of  the  uranium  test,  and  for  this 
reason  a  strong  aqueous  solution  of  uranium  acetate  is  used.  By 
having  the  zinc  solution  only  faintly  acid,  the  production  of  the 
brown  color  in  the  end-test  becomes  almost  instantaneous,  and  no 
previous  test  will  develop  a  color.  Under  these  conditions,  how- 
ever, lead  is  apt  to  seriously  interfere,  and  the  excess  of  acid  recom- 
mended above  is  found  to  be  a  necessity.  When  a  strong  solution 
of  uranium  acetate,  not  acidified,  is  used  as  an  indicator,  the  error 
caused  by  the  excess  of  acid  in  the  zinc  solution  amounts  to  only 
two  drops  of  ferrocyanide,  which  may  be  allowed  for,  and  the 
brown  tinge  develops  so  rapidly  that  the  end-point  is  seldom  passed 
by  more  than  one  test. 

■'  When  an  ore  contains  but  little  copper,  the  granulated  lead 
used  frequently  coheres  in  lumps  that  may  hold  zinc  solution. 
These  lumps  are  most  easily  broken  up  after  a  little  of  the  ferro- 
cyanide has  been  added.  They  appear  to  cause  no  appreciable 
error  in  the  work.  Of  course,  lead  shot  or  thin  sheet-lead  maybe 
used,  if  preferred,  and  it  may  be  cleaned  with  strong  nitric  acid 
and  used  repeatedly.  It  seems  simpler  and  more  satisfactory 
however,  to  use  the  granulated  lead  and  throw  it  away  after  use. 
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"  As  regards  the  use  of  nitric  acid,  it  is  found  that  the  addition 
of  I  C.C.  of  the  strong  acid  to  the  boiling-hot  zinc  solution  during 
the  standardization  of  the  ferrocyanide,  makes  no  appreciable  dif- 
ference," 

The  ores  upon  which  these  experiments  were  made,  were  all 
from  one  section  of  country,  and  in  general,  were  ores  adapted  to 
lead  smelting.  It  seemed  advisable,  therefore,  to  try  the  methot) 
upon  ores  from  other  places  containing  associated  minerals  dif- 
ferent from  the  above.  The  Franklinite  and  Calamine  ores  are 
among  the  most  important  sources  of  zinc,  and  are  very  frequently 
deah  with  in  the  metallurgy  of  that  metal.  Upon  sych  ores  most 
of  the  experiments  were  made. 

The  solutions  were  prepared  as  directed,  with  the  exception  that, 
for  standardizing,  metallic  zinc  was  used  instead  of  the  oxide.  The 
standardizing  of  the  ferrocyanide  solution  presented  no  difficulty. 
If  the  solution  is  hot,  the  end-reaction  shows  promptly,  but  the 
amount  of  hydrochloric  acid  present  must  be  regulated  with  some 
care,  as  an  excess  over  that  used  at  the  time  of  standardizing  will 
delay  the  end-reaction  in  titration  to  a  sensible  degree.  The  prac- 
tice adopted  in  making  these  experiments  was  to  add  a  drop  or 
two  of  methyl  orange  (though  other  indicators  will  answer  equally 
well),  bring  the  solution  to  the  neutral  point,  and  then  add  a  known 
excess  of  hydrochloric  acid.  The  color  produced  by  the  indicator 
in  no  wise  interferes  with  the  end-reaction  during  titration.  By 
observing  this  simple  precaution,  the  solutions  may  always  be  of 
the  same  degree  of  acidity,  insuring  perfect  uniformity  in  the  ap- 
pearance of  the  end-reaction. 

At  times,  in  dissolving  the  ore,  all  the  potassium  chlorate 
will  not  be  decomposed,  so  that,  when  the  solution  is  made  acid 
with  hydrochloric  acid,  just  prior  to  titration,  euchlorine  will  be 
set  free.  When  using  an  indicator  to  determine  the  neutral  point, 
its  presence  is  manifested  by  its  bleaching  action  upon  the  color. 
It  is  well,  then,  to  add  a  few  drops  of  a  solution  of  an  alkaline 
sulphite. 

To  test  the  process,  a  Calamine  ore  containing  66,80  per  cent,  of 
zinc  was  carefully  treated  by  the  above-described  method.  There 
was  obtained  65.14  per  cent,  of  zinc.  The  ore  contained  but  little 
manganese,  and  the  precipitate  produced  by  the  adHition  of  the 
excess  of  ammonia  consisted  almost  entirety  of  ferric  hydrate. 
The  residue  and  the  precipitate  was  treated  again  with  the  chlorate 
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mixture,  the  solution  obtained  evaporated  to  dryness,  an  excess  of 
ammonia  again  added,  and  in  the  filtrate  from  this  precipitation  was 
found  1 ,62  per  cent,  of  zinc,  making  a  total  of  66.76  per  cent.  The 
experiment  was  repeated  twice  more  in  the  same  manner  as  at  first. 
The  three  results  were  as  follows: 

Fini  Second 

ExtnctloB.  Ei  traction.  Toul. 

Pet  cenl.  of  line,                        ,         65.14  \At  66,76 

Per  cent,  of  zinc,               ,        .        65.37  1.41  66.78 

Per  cent,  of  line,               ,        .        65.35  1-4'  66.76 

The  precipitated  ferric  hydrate  held  each  time  about  one  and 
one-half  per  cent,  of  line.  This  is  a  well-known  phenomenon,  but 
no  mention  of  it  seems  to  have  been  made  by  Messrs.  von  Schultz 
and  Low  in  their  description.  This  is  undoubtedly  because  the 
ores  worked  by  them  contained  so  little  iron  that  no  appreciable 
difference  was  made  by  its  presence. 

In  a  fourth  experiment  on  this  ore  an  attempt  was  made  to 
avoid  the  re-precipitation  of  the  ferric  hydrate  by  evaporating  the 
solution  of  the  ore  in  the  acid  to  dryness,  and  taking  up  with  water 
instead  of  ammonia.  Ferric  nitrate  seems  to  lose'  its  nitric  acid 
more  readily  than  zinc  nitrate,  and  by  proceeding  in  this  manner 
a  filtered  solution  may  be  obtained  containing  only  a  small  amount 
of  iron.  There  was,  however,  enough  present,  so  that  it  was 
necessary  to  remove  it  with  an  excess  of  ammonia.  There  was 
found  as  a  result  66.45  P^^  cent,  of  zinc. 

In  order  to  determine  the  effect  which  the  presence  of  mangan- 
ese  might  have,  a  gramme  of  this  same  ore  was  mixed  with  0.200 
gramme  of  pyrolusite,  and  treated  precisely  as  at  first.  There  was 
found  66.76  per  cent,  of  zinc,  the  manganese  not  changing  the  re- 
sult. Thinking,  perhaps,  that  the  manganese  dioxide  would  not 
be  sifficiently  decomposed  in  the  strongly  oxidizing  solution  used 
in  decomposing  the  ore,  another  experiment  was  made  upon  the 
same  ore  with  the  same  amount  of  pyrolusite  present,  but  the  mix- 
ture was  first  treated  with  hydrochloric  acid  to  carry  the  dioxide 
of  manganese  into  solution;  nitric  acid  was  added  to  expel  the 
hydrochloric  acid,  and  then  the  mixture  was  treated  with  the 
chlorate  solution,  and  the  analysis  finished  in  the  same  manner  as 
the  previous  ones.     There  was  found  66.808  per  cent,  of  zinc. 

It  may  be  safely  concluded,  then,  that  the  presence  of  manganese 
does  not  interfere,  and  that  it  can  be  completely  separated  from 
zinc  by  oxidation  to  manganese  dioxide  in  nitric  acid  solution. 
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A  Franklinite  ore  containing  20.S6  per  cent,  of  zinc  and  consid- 
erable manganese  was  next  tried.  The  first  treatment  of  this  ore 
gave  as  its  result  only  15.60  per  cent.  The  residue  re-treated 
with  acid  as  before  yielded  1.01  per  cent.,  and  the  residue  from 
this  again  treated  gave  up  0.50  per  cent.,  making  a  total  of  17.11 
per  cent,  of  zinc,  or  nearly  four  per  cent.  low.  The  experiment 
was  repeated  upon  another  portion  of  the  same  sample.  There  was 
found  only  about  15  per  cent,  of  zinc.  The  residue  was  re-treated 
as  before  and  a  little  over  i  per  cent,  was  found.  The  residue  from 
this  treatment  was  dissolved  in  hydrochloric  acid,  the  iron  sepa- 
rated as  basic  acetate,  the  filtrate  made  acid  with  acetic  acid,  sul- 
phuretted hydrogen  gas  passed  into  it,  and  an  abundant  precipitate 
of  zinc  sulphide  was  obtained. 

Evidently  the  solvent  action  of  the  nitric  acid  containing  the 
potassium  chlorate  was  not  sufficient  to  completely  decompose  the 
ore,  so  in  the  next  experiment  the  following  treatment  was  adopted. 

The  ore  was  first  digested  with  aqua  regia;  nitric  acid  was  then 
added,  and  the  mixture  evaporated  until  all  the  hydrochloric  acid 
had  been  expelled,  the  whole  evaporated  nearly  to  dryness,  the  regu- 
lar amount  of  the  nitric  acid  solution  of  the  potassium  chlorate  was 
added  and  the  analysis  finished  as  usual.  As  a  result  of  this  pro- 
cedure, there  was  obtained  20,81  per  cent,  of  zinc, 

A  Franklinite,  containing  23.53  P^'  cent,  of  zinc,  analyzed  in 
duplicate  in  this  manner,  gave  results  respectively  23.54  per  cent, 
and  23.34  per  cent  of  zinc.  Still  another  sample  of  the  same  kind 
of  ore  having  3I>42  per  cent,  was  found  by  the  same  treatment  to 
contain  31.613  per  cent. 

Some  of  the  ores  tried,  although  very  finely  pulverized  in  ao 
agate  mortar,  were  yet  not  entirely  soluble  in  aqua  regia,  and  it 
was  necessary  to  fuse  the  residue  in  order  to  effect  complete  solu- 
tion. 

Copper  was  found  to  be  easily  separated  in  the  manner  described 
by  the  originators  of  the  method,  and  the  lead  introduced,  and 
that  which  might  otherwise  be  present,  was  found  to  have  no  inju- 
rious effect.  In  fact,  at  the  end  of  a  titration  with  the  brown  tint 
just  ^intly  showing  with  the  uranium  acetate,  a  large  excess  of 
lead  acetate  was  added  without  changing  at  all  the  end  reaction. 

The  method  of  von  Schultz  and  Low,  as  given  by  them,  will 
answer  for  ores  easily  decomposed  and  containing  little  or  no  iron, 
but  to  adopt  the  method  to  all  ores  of  zinc  or  compounds  contain- 
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iny  it,  cadmium  alone  excepted  (which,  if  present,  must  be  re- 
moved with  sulphuretted  hydrogen),  certaii  modifications  are 
necessary.  Guided  by  the  preceding  experiments  the  following 
practice  would  seem  most  advisable. 

Pure  metallic  zinc  is  more  easily  obtainable  for  standardization 
than  the  pure  oxide.  In  standardizing  and  in  actual  analysis,  that 
the  right  degree  of  acidity  be  uniformly  maintained,  the  use  of  a 
color-indicator  in  the  solution  is  advised.  It  seems  to  be  easier 
and  simpler  to  work  to  the  neutral  point  this  way  than  to  do  it  by 
means  of  test-papers,  and  the  slight  tint  of  color  necessary  to  show 
the  change  to  the  eye  does  not  impair  the  end-reaction  with  the 
ferrocyanide. 

The  ore,  if  at  all  refractory,  should  be  very  finely  pulverized. 
A  few  moments  spent  in  grinding  will  be  more  than  compensated 
in  the  ease  with  which  solution  may  be  obtained. 

Treat  the  finely  divided  ore  with  aqua  regia  until  there  is 
obtained  complete  decomposition,  or  until  no  further  action  is 
perceptible.  If  the  ore  has  not  been  thoroughly  decomposed, 
evaporate  to  dryness,  dehydrate  the  silicic  acid,  take  up  with  dilute 
hydrochloric  acid,  filter  off  the  insoluble  matter  and  fuse  it  with 
carbonateand  nitrate  of  soda  in  a  platinum  crucible,  Dissolve  the 
fusion  in  hydrochloric  acid  and  add  the  solution  to  the  major 
portion.  The  dehydration  of  the  silicic  acid  will  consume  some 
time,  but  if  the  ore  is  highly  siliceous,  the  gain  of  time  in  filtering 
the  sandy  precipitate  of  silica  as  contrasted  with  filtering  the  gela- 
tinous silicic  acid  will  be  more  than  repaid.  All  the  zinc  in  the 
ore  will  now  be  in  solution  as  chloride.  Add  nitric  acid  and  boil 
until  all  the  hydrochloric  acid  has  been  expelled ;  evaporate  nearly 
to  dryness,  add  the  usual  quantity  of  nitric  acid  saturated  with 
potassium  chlorate,  and  evaporate  to  dryness.  Add  the  ammo- 
nium chloride  and  ammonia,  dilute  with  water,  heat  to  boiling  and 
filter,  washing  with  a  weak  solution  of  ammonium  chloride  made 
alkaline  with  ammonia.  Transfer  the  precipitate  from  the  paper, 
by  means  of  a  spatula  and  wash-bottle,  to  the  vessel  in  which  the 
ore  was  originally  decomposed,  evaporate  off  the  water,  and  treat 
again  with  the  chlorate  mixture  in  the  same  manner  as  before, 
adding  the  solution  obtained  by  treatment  with  ammonia  to  the 
original  one.  Acidify  to  the  right  degree  with  hydrochloric  acid, 
heat  nearly  to  boiling,  and  titrate  with  the  standard  ferrocyanide  as 
described. 
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The  details  of  the  method  as  here  worked  out  are  more  numer- 
ous than  these  given  in  the  original  article  of  von  Schultz  and  Low, 
but  it  is  apparent  that  to  secure  accuracy  of  results  under  varied 
conditions,  they  are  necessary.  It  is  still  very  much  shorter  than 
the  conventional  one,  and  carefully  worked  ought  to  give  results 
nearly  if  not  quite  as  accurate,  and  certainly  the  difficulties  in  ma- 
nipulation are  not  so  great. 

In  conclusion,  I  desire  to  thank  Professor  Elwyn  Waller  for  his 
valuable  suggestions  in  the  preparation  of  this  paper. 


NOTE    ON    THE  GEOLOGY  OF  THE  MONTE  CRISTO 
DISTRICT,  SNOHOMISH  COUNTY,  WASHINGTON.* 

By  C.  W.  FENNER. 

Geologically,  this  region  is  very  interesting.  As  you  would 
suppose  from  the  location  it  is  in  a  region  of  extinct  volcanic  ac- 
tivity, and  all  the  rocks  show  their  igneous  formation,  but  their 
characters  differ  greatly.  They  probably  represent  a  number  of 
separate  flows,  or  perhaps  are  only  due  to  different  conditions  of 
cooling.  The  most  abundant  rock  is  a  massive  granite.  There 
is  also  what  1  should  call  dionte,  at  times,  amygdaloidal.  There 
are  also  porphyry,  volcanic  breccia  and  rocks  showing  a  flow  struc- 
ture and  consisting  of  quartz  and  some  dark  material.  I  have  not 
seen  anything  which  resembled  scoria,  but,  on  the  contrary,  the 
rocks  are  usually  very  dense  and  hard.  Through  these  rocks, 
usually  in  the  granite  or  diorite,  the  veins  cut.  They  apparently 
follow  true  fissures  and  crushed  strips  in  the  country  rock.  In 
some  of  them  the  phenomena  of  fissure-veins  show  up  well.  I  have 
seen  slickensides  in  a  number  of  cases,  and  have  also  found  the 
clay  selvage  in  one,  but  this  is  usually  absent  Ollen  breccia  of 
country  rock  is  included  and  sometimes  coated  with  bands  of  ore 
and  gangue.  Large  horses  of  rock  also  come  in, and  in  some  cases 
the  vein  becomes  split  up  into  a  number  of  small  stringers  and  is 
hard  to  trace.  Quartz  is  a  frequent  gangue  mineral  and  often 
shows   the   comb-in-comb  structure.      The   minerals   consist    of 

•  Extiacl  from  recent  letter. 
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galena,  pyrite,  arsenopyrite,  chalcopyrite,  sphalerite,  and  perhaps  a 
little  bornite.  All  that  is  of  value  is  the  galena  and  the  gold  and 
silver  that  they  all  carry.  The  outcrops  show  very  prominently 
and  can  be  traced  for  long  distances.  Their  inclination  is  usually 
steep,  often  nearly  90°.     The  general  course  is  N.  E.  and  S.  W. 

Often  the  outcrop  is  marked  by  a  ravine  or  gulch,  and  the  vein 
is  so  plain  that  the  first  one  in  the  district  was  discovered  with  a 
field-glass. 
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MINERALOGICAL  NOTES. 
A  Probably  New  Nickel  Arsenide. 

{Preliminary  Notice.) 
By  E.  waller  and  A.  J.  MOSES, 

Last  April  Mr.  E.  M.  Hand,  of  Silver  City,  New  Mexico,  sent 
to  the  School  of  Mines  several  samples  of  silver  ore  composed  in 
part  of  native  silver  but  intermixed  with  a  gray  metallic  mineral 
of  granular  structure,  which  was  known  to  contain  a  considerable 
percentage  of  nickel  and  arsenic  and  some  cobalt. 

The  ore  is  found  at  a  mine  eighteen  miles  west  of  Silver  City, 
in  the  Bullard's  Peak  Mining  District,  Grant  County,  New  Mexico, 
and  was  said  to  run  300  to  500  ounces  of  silver  per  ton  and  25  to  35 
per  cent,  of  nickel.  According  to  the  analysis  herein  recorded, 
however,  this  estimate  of  nickel  was  considerably  too  high.  The 
description  of  the  deposit  given  by  Mr.  Hand  is  as  follows :  "  The 
mine  from  which  this  ore  comes  has  been  worked  to  a  depth  of 
690  feet  by  shaft  and  very  extensive  drifts.  On  the  surface  the  ore 
is  pure  native  silver,  and  the  nickel  or  gray-looking  mineral  does 
not  put  in  an  appearance  until  a  depth  of  over  100  feet  has  been 
reached.  The  vein  occurs  in  a  syenite  and  is  crossed  in  several 
places  by  huge  porphyry  dykes.  Rich  ore-bodies  are  invariably 
found  as  the  drifts  or  levels  approach  these  dykes.  The  strike  of 
the  vein  is  east  and  west,  and  it  dips  to  the  north  at  an  angle  of 
about  iO°  from  the  perpendicular  All  the  ore  is  of  exceedingly 
high  grade  in  silver  and  carries  a  heavy  percentage  of  nickel." 

The  native  silver  is  crystalline,  and  surrounded  by  the  gray 
mineral,  and  on  polishing  an  arborescent  structure  is  revealed 
somewhat  like  that  of  the  mineral  huntilite.  The  gangue  is 
chiefly  carbonate  of  iron.  As  it  was  impossible  to  obtain  lumps 
of  the  nickel  mineral  or  to  separate  it  from  the  silver  and  siderite 
by  any  hand-picking,  the  following  mechanical  method  was  re- 
sorted to:  The  mineral  was  crushed  roughly  in  a  steel  mortar 
and  the  lumps  most  free  from  silver  Carefully  picked  out ;  these 
were  then  rubbed  down  in  an  agate  mortar  and  put  through  a 
hundred  mesh  sieve  by  which  the  malleable  silver  was  very  largely 
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held  back  as  scales,  and  the  brittle  nickel  mineral  and  siderite 
passed  through.  The  powder  was  then  heated  in  dilute  hydro- 
chloric acid  by  which  all  the  siderite  was  dissolved-  A  little  of  the 
nickel  mineral  was  also  dissolved,  but  the  Ni  obtained  from  the 
solution  amounted  to  only  about  ^  per  cent,  and  this  would 
affect  the  analysts  of  the  mineral  only  in  so  far  as  there  should  be 
a  solution  of  this  constituent  without  a  proportionate  solution  of 
the  other  constituents.  It  was  thought  that  the  complete  solution 
of  the  siderite  would  not  be  assured  without  treatment  for  a  consid- 
erable time.  It  is  not  at  all  probable  that  all  the  native  silver  was 
by  this  method  separated,  and  it  is  our  purpose  to  make  a  further 
and  more  careful  examination  later. 

The  characters  of  the  granular  (nickel)  mineral  as  far  as  obtained 
were; 

Hardness  about  5  ;  lustre,  metallic;  color,  gray,  sometimes  ir- 
ridescent;  streak,  black;  granular.  On  charcoal  before  the  blow- 
pipe blackens,  fuses,  yields  arsenical  odor,  and  becomes  magnetic. 
In  closed  tube  gives  a  ring  of  metallic  arsenic.  With  borax,  yields  a 
cloudy  blue  bead  ;  successive  portions  of  salt  of  phosphorus,  after 
removal  of  arsenic  and  iron,  were  colored  blue  (Co),  violet  (CoNi), 
brown  hot,  yellow  cold  (Ni),  brown  hot,  opalescent  cold  (NiAg), 
A  sulphur  test  was  obtained,  apparently  due  to  some  admixture. 

Analysis  of  a  sample  prepared  as  described  above  yielded: 


Pb, 

Fe, 

164 

If  the  SiOj  is  assumed  to  be  present  as  quartz  and  the  Ag  %s 
native  silver,  we  have,  by  recalculation: 


78.10  -^  75  1.0413 

12.89  -^  58.7  ."95) 

5-95  ^  59-             '008  \  .3749 

3.06  -1-  56.  .0546  \ 
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This  corresponds  approximately  to  a  composition  RAs,  in  which 
R  =  4Ni^Co|Fe. 

This  would  be  a  mineral  of  the  type  of  skuttcrudite  CoAs,.  A 
mineral  with  the  assumed  ratio  would  hdvc  the  composition : 

As,  .  78.67 

Ni, I2.JS 

Co, 6.16 

Fe, 1.92 

If  further  analysis  confirms  these  results,  \he  name  Nickel.- 
Skutterudite  is  suggested. 

Graphite  Pressure  Pseudomorphs. — by  a.  j.  moses. 
The  crystallization  of  graphite  is  generally  conceded  to  be  hex- 
agonal, though  the  Ersby  and  Storgard  graphite  was  considered 
monoclinic  by  Nordensldoid.  Three  specimens  of  Ceylon  graphite 
sent  mc  by  Mr.  W.  F.  Downs  of  the  Joseph  Dixon  Crucible  Co., 
Jersey  City,  are  polyhedral,  and  have  a  certain  repetition  of  angle 
suggestive  of  crystallization,  yet  their  lack  of  symmetry  seems  to 
place  them  with  those  pseudomorphs  which  owe  their  polyhedral 


shape  to  intersecting  plates  of  other  minerals,  i.e.,  "pseudomor- 
phous  after  interstices.  One  of  the  specimens  {No.  3)  was  evi- 
(iently  produced  by  forcing  a  fJate-like  fragment  into  a  polyhe- 
dral cavity,  for  it  is  somewhat  hollow  and  shows  the  line  of  the 
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overlap  across  one  fece.  The  section  illustrates  this.  The  free- 
hand sketches,  approximately  full-sized,  and  the  table  of  angles, 
in  order  of  size,  obtained  with  the  hand  goniometer,  give  a  fair  idea 


of  the  forms : 

Six  6.. 

I  AS        58= 

I  a6 

32° 

4A8      s8° 

2  A  3 

68= 

■I  A  8       5.," 

3A6 

68" 

"  A  3       9"?i" 

'  A  5 

77" 

3A5      98° 

5A6 

98- 

I  AT      98= 

a  A  4 

101" 

I  A4      99" 

1  A  2 

107" 

3  A  4   loa- 

'  A3 

112" 

5  A  8     109= 

3  A  5 

127" 

I  A  2      HI"  4  A  5      '44° 

2A5      "6= 

Magnetite  Pseudomorphous  After  Hematite. — by  a.  j.  moses. 

It  is  worth  noting  that  in  the  many  specimens  of  the  Antwerp, 
N.  Y.,  ore  which  are  in  the  School  of  Mines  collection,  the  hema- 
tite has  been  reduced  to  magnetite  near  all  surfaces  on  which 
either  the  silicate  stilpnomelane  (usually  considered  ferrous)  and 
the  ferrous  carbonates,  ankerite  and  siderite,  have  been  deposited. 
This  change  is  especially  true  of  the  hematite  crystals,  but  in  some 
instances  the  reduction  has  made  a  crust  of  magnetic  oxide  5  to  6 
mm.  thick  on  non-crystallized  material. 

Magnetite  is  known  to  be  the  associate  of  the  stilpnomelanes  of 
Silesia  and  Moravia,  which  are  recorded  as  ferrous ;  the  stilpnom- 
elane of  Antwerp  alone  has  been  recorded  as,  containitig  some 
ferric  iron,  and  as  to  this  the  analyses  differ ;  the  identity  in  condi- 
tion of  the  associated  iron  oxide  may  suggest  identity  in  the  state 
of  the  iron  in  the  stilpnomelane. 

Orthoclase  from  Canada. — by  b.  c.  hinman. 
A  fine  cleavable  feldspar  from  thirty  miles  from   Buckingham, 
Ottawa  Co.,  Province  of  Quebec,  yielded: 

SiO, 65.87 

A1,0, 19JI 

K,0 11.78 

CaO, a64 

Na,0, 2.39 

loxoo 
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On  Topaz  from  Japan. — by  w.  d.  matthew. 

The  crystals  examined  were  brought  to  America  by  Professor 
Eglcston,  and  are  now  in  the  collection  of  the  School  of  Mines, 
Columbia  College.  With  the  exception  of  one  specimen  in  a  large 
plate  of  mica  in  what  seems  to  be  a  decomposed  pegmatite,  they 
are  all  loose  crystals  and  mostly  more  or  less  worn ;  they  are 
transparent  and  colorless  or  bluish,  and  show  in  many  cases 
curious  irregularities,  either  etching  figures  or  growths.  The 
crystals  arc  from  two  localities,  one  in  the  Province  of  Omi  and 
the  other  the  tin-mines  at  Yenagari  Mino.  The  latter  can  be 
approximately  separated  by  their  being  more  waterworn  and  gen- 
erally more  wedge-shaped  than  the  others.  About  75  crystals 
from  Omt  and  25  from  the  tin-mines  were  examined. 

The  faces  found  were  as  follows,  the  nomenclature  used  being 
that  in  the  new  edition  of  Dana's  System  0/  Mineralogy : 

f^ramids  : 

i  (223,  %).     Not  very  common,  moderately  well  developed. 

u  (i  1 1,  i).     Generally  present  and  well  developed. 

o{22i,  2).     Generally  present  and  fairly  well  developed. 

V  (121, 2— 5).  Occurs  in  one  specimen,  fairly  well  developed,  but 
with  rough  surface. 

Prisms: 
m  (1 10, 1).     Always  present  and  well-developed, 

0  (560,  i-J).     Occurs  in  one  specimen,  very  narrow. 

M  (230,  i-^).  Present  in  about  25  per  cent,  of  the  crystals,  very 
narrow. 

1  (120,  i-2).  Always  present  and  well  developed.  Often  striated, 
alternating  with  m. 

«  (250,  i— f)-     In  one  specimen,  very  narrow. 
-{4-11-0,  i-y).     In  one  specimen,  very  narrow, 
g  (130,  1—3).     Not  very  common,  very  narrow. 

Finacoids  ; 

c  {001, 0).  Not  uncommon ;  apt  to  be  associated  with  pyramids 
i  and  u, 

b  (010,  i-i).     Quite  common,  but  nearly  always  vyy  narrow. 

a  (010,  i-i).     In  one  specimen,  doubtful. 
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Brackydomes  : 

X  (043,  |-i).     Not  common ;  associated  with  pyramid  i. 

f  {021,  2-i).     Almost  always  prominent,  giving  a  more  or  less 
noticeable  wedge  shape  to  the  crystals. 

y  (041,  4-1).     Generally  present,  modifying  f  more  or  less. 


Macrodomes  : 

h  (203,  5^— i).     Not  common;  associated  with  i. 

d  (201,  2-i).     Generally  present  and  moderately  well  developed- 

The  foregoing  are  all  recorded  by  Dana  and  Goldschmidt,  ex- 
cept one  brachy-prism  lying  between  tt  and  g.  The  following 
readings  were  obtained  of  the  angle  between  this  and  the  prism  1 : 
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8°  45'  8°  46'  8°  47'  20" 

As  I  ■was  a  striated  face,  the  readings  were  taken  at  the  brightest 
part  of  the  reflection,  not  at  its  centre.  Less  certain  determina- 
tions gave  for  the  angle  between  the  new  face  and  the  prism  m 
the  following  readings : 

27°  54'  40"  27°  58'  40" 

The  nearest  recorded  faces  are  t  and  g,  which  give,  with  the  prism 
1,  angles  of  6°  17'  32"  and  11°  10'  21"  respectively.  The  face 
was  given  the  index  ^,  the  readings  being  probably  not  very 
accurate,  on  account  of  the  striation  of  1  and  m ;  theoretically,  its 
angle  should  have  been  8°  52'  58"  with  1  and  27°  36'  20"  with  m. 
The  figures  represent  actual  Omi  crystals,  with  the  faces  of  the 
proper  proportionate  size.  No  type  form  is  given,  the  crystals 
having  been  selected  to  illustrate  as  many  as  possible  of  the  occur- 
ring faces ;  the  following  are  those  shown  on  each : 

Fig.  I. — o,  v,  m,  M,  1,  b,  f,  y,  d. 

Fig.  2. — i,  o,  u,  m,  1,  c,  b,  a,  f,  y,  h,  d. 

Fig.  3: — u,  o,  m,  M,  I,  Tj  g,  f,  y,  and  the  unrecorded  face  »  P  ^. 

Fig  4. — u,  m,  I,  X,  f,  d. 

The  face  1  is  a  little  more  generally  prominent  than  m ;  the  other 
vertical  faces  are  rarely  large,  generally  being  merely  slight  modi- 
fications of  the  edges. 

Besides  the  basal  cleavage,  traces  of  cleavage  parallel  to  f  and  d 
were  observed. 

The  largest  crystal  in  the  collection  is  119  mm,  long  (macro- 
axis)  and  85  mm.  wide  (brachyaxis),  and  shows  the  following  faces : 
f,  m  and  1  well  developed ;  u,  o  and  d  small ;  X  doubtful. 

The  specimens  supposed  to  be  from  the  tin-mines  show  the  fol- 
lowing differences:  o and  d  less  developed.  Prism  faces,  except  1 
and  m,  less  common  (this  may  be  due  to  wear).  X  and  c  are  more 
common;  f  much  developed  at  the  expense  of  y  (which  is  much 
less  common),  giving  the  crystals  a  more  noticeable  wedge-shape, 

Wada*  describes  and  figures  topaz  crystals  occurring  in  peg- 
matitic  veins  in  the  granites  of  Otani-yama,  in  the  province  of 

•  "Ueber  cinege  japanische  Minetalien,"  in  Sittungsber.  Nalurf.  Frfunde,  17 
Juni,  1884,  pp.  79-86. 
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Otni,  near  Kioto.  These  are  watcr-ctear,  yellowish  and  greenish, 
of  remarkable  size,  and  resemble  in  form  those  from  the  Urals ; 
some  also  resemble  those  of  the  Schneckenstein.  He  mentions 
the  following  faces  :  i,  u,  o,  M,  1,  c,  b,  X,  f,  y,  h  and  d  (nomencla- 
ture altered  to  suit  Dana's  "  System  "). 


ANALYSIS  OF  THE  WATER  OF  GREAT  SALT  LAKE, 
UTAH. 

By  E.  waller,  Ph  U. 

The  Great  Salt  Lake  of  Utah  is  the  largest  body  of  water  now 
remaining  in  a  basin  formerly  occupied  by  a  large  fresh  water  lake 
which  at  one  time  covered  an  area  of  19,75c  square  miles  (about 
the  area  of  Lake  Huron).  This  area  includes  the  present  alkali 
deserts,  as  also  the  Jordan  and  Utah  lake  valley  in  which  Salt 
Lake  Citj'  is  situated.  The  outlet  of  this  lake  was  to  the  north, 
its  waters  finally  reaching  the  Pacific.  High  up  on  the  flanks  of 
the  Wasatch  mountains,  which  limits  on  the  east  the  valley  of  the 
Jordan,  and  which  in  former  times  constituted  the  eastern  shore 
of  the  lake,  are  to  be  seen  the  benches  of  sand  and  gravel  indicat- 
ing the  shore  lines  of  the  old  lake.  The  same  shore  lines  are  to 
be  seen  on  the  flanks  of  the  Oquirrh  range  on  the  west  side  of  the 
Jordan  valley.  The  peaks  of  the  Oquirrh  range  formed  in  times 
past  a  chain  of  islands  in  the  middle  of  the  lake.  These  shore 
lines  show  that  at  one  time  the  water  level  was  a  1000  feet  above 
the  level  of  the  present  Salt  Lake,  and  that  frequent  (comparatively) 
abrupt  lowerings  of  the  lake  level  occurred,  until  finally  it  became 
too  low  for  the  water  to  run  off  through  its  original  outlet.  The 
most  strongly  marked  shore  line  (called  the  "  Provo  shore  line  ")  is 
375  feet  above  the  present  Salt  Lake,  but  several  intermediate 
shore  lines  are  visible. 

The  earliest  notes  of  exploration  on  the  basin  of  this  ancient 
lake  were  made  by  Captain  Bonneville  in  1833.  It  may  be  men- 
tioned that  those  notes  were  edited  by  Washington  Irving.  'Cap- 
tain Bonneville  having  been  the  first  to  recognize  the  former  exist- 
ence of  this  body  of  water,  the  name  Lake  Bonneville  has  been 
given  to  it.     A  very  complete  account  of  the  Bonneville  basin  is 
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given  in  Monograph  I.  of  the  U.  S.  Geological  Suwey,  entitled 
"  Lake  Bonneville,  by  C.  K.  Gilbert,  Washington,  1890." 

The  area  of  Great  Salt  Lake  may  be  put  in  round  numbers  at 
20CX)  square  miles.  During  the  time  that  it  has  been  observed,  its 
level  has  been  subject  to  oscillations  which  have  made  considerable 
differences  in  its  extent,  since  it  is  comparatively  shallow,  and  the 
slope  of  its  shores  is  very  gradual,  so  that  a  change  of  a  few  feet 
in  its  level  effects  a  very  considerable  change  in  area.  In  illustra- 
tion, a  few  of  the  figures  may  be  quoted  from  the  results  of  Stans- 
bury's  survey  in  1850  and  King's  survey  in  1868. 

SunsbuTT  (iSja).  King(ig6S). 

Area,       ....     1750  square  miles.  3170  square  miles. 

Mammuni  depth,     ,         ,         36  feet.  49  feet. 

Average  depth,        .        ,         13  feet.  18  feet 

The  tendency  since  the  time  of  King's  survey  has  been  to  a 
contraction  of  the  lake.  To  all  appearances,  evaporation  goes  on 
more  rapidly  than  water  can  be  supplied  by  atmospheric  precipi- 
tation on  the  region  supplying  the  lake.  Its  exceeding  shallowness 
is,  of  course,  especially  favorable  to  loss  by  evaporation,  while  the 
annual  rainfall  in  that  region  is  only  ten  or  eleven  inches. 

Analyses  of  the  water  of  the  lake  have  been  made  at  different 
times.  The  results  differ  more  widely  than  is  ordinarily  the  case 
with  such  observations.  This  is  owing  mainly  to  the  following 
causes  :  The  ratio  of  water  to  dissolved  salts  is  no  doubt  constantly 
changing  with  the  alteration  in  volume  of  the  water  by  evapora- 
tion, etc.,  to  which  allusion  has  been  made,  and  such  variations 
are  probably  considerable  at  different  places  at  the  same  time,  and 
even  at  the  same  place  at  different  times.  With  some  constituents 
the  water  is  already  near  the  saturation  point,  and  differences  of 
temperature  due  to  the  season  are  apt  to  cause  differences  in  com- 
position. The  composition  of  the  water  ts  also  liable  to  variations 
at  different  places  on  account  of  the  influx  of  other  water  which 
may  be  fresh  or  saline,  and  in  many  cases  are,  no  doubt,  subter- 
ranean (springs).  Along  the  line  of  fault  caused  by  the  upheaval 
of  the  Wasatch  range,  many  hot  springs,  carrying  considerable 
quantities  of  salts  have  been  found,  and  it  is  not  unreasonable  to 
suppose  that  there  may  be  others,  the  waters  from  which  find  their 
way  into  the  lake  without  giving  any  indications  of  their  presence 
to  the  observer. 

While  on  a  visit  to  Garfield  Beach,  which  is  at  the  southern  end 
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of  the  lake,  i.  secured  a  quart-bottle  full  of  the  water  which  was 
brought  to  the  laboratory  for  analysis.  As  the  date  of  taking  the 
sample  has  some  importance,  it  may  be  here  mentioned  (August 
9,  1892).  About  150  feet  from  the  shore.  Depth  at  that  point, 
between  4  and  5  feet. 

To  one  bathing  in  the  water  two  features  are  especially  notice- 
able :  its  excessively  salt  taste,  which,  however,  is  strangely  free 
from  the  bitter  flavor  of  ordinary  sea  water,  and  its  high  specific 
gravity.  It  is  practically  impossible  to  sink  in  the  water,  and  one 
can  float  in  any  position  with  more  of  the  person  out  of  water  than 
usual.  On  the  other  hand,  wading  through  the  water  waist-deep, 
or  attempting  to  swim,  is  very  laborious  on  account  of  the  density, 
and  it  is  said  that  in  case  of  high  winds  the  waves  are  very  heavy 
and  strike  with  unusual  force. 

The  results  of  the  analysts  were  as  follows: 


Grammes  per  Litre.  , 

adioli. 

ProtsUec 

Na, 

75.815 

NaCI, 

192.860 

K, 

3-125 

K.SO., 

8.756 

Li, 

ao2i 

Li,SO^ 

0.166 

Hg. 

4.844 

MgO^ 

15-044 

C>, 

2-4^ 

MgSO., 

5.2  r6 

CI, 

128.Z78 

CaSO,, 

8.i40 

SO,. 

1Z.522 

F«.O.a.,dAI,0,. 

0.004 

0  in  sulphates, 

2.494 

SiOp 

OJJ18 

Fe,0,  and  A1,0, 

.Surplus  SO,, 

0.051 

SiO, 

0.0 1 8 

230.35s 

Bo,0. 

Trace, 

Tot*l  solids  by  evaporation, 

138,1* 

Elr,» 

Faint  rrace. 

The  discrepancy  between  the  results  by  evaporation  and  by  cal- 
culation is  probably  due  to  the  hygroscopic  character  of  many  of 
the  salts  present.  It  required  especial  care  and  quick  weighings 
to  obtain  anything  like  constant  weights. 

A  duplicate  determination  showed  Total  solids  237.925  grammes 
per  litre. 

The  water  was  absolutely  neutral  to  test-paper,  and  the  surplus 
SOj  (0.051)  gramme  might  perhaps  be  attributed  to  the  difficulty 
of  obtaining  a  pure  precipitate  of  BaSO,  in  the  presence  of  such 
large  quantities  of  interfering  salts.     A  duplicate  determination 

*  Since  this  was  written  an  approximate  deiernii nation  showed  about  0,01  gm.  Br 
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gaii-e  a  higher  figure  for  SO,,  and  Prof.  O.  D.  Allen's  report  of  a 
sample  of  the  water  analyzed  in  1S69  mentions  an  "excess  of 
chlorine"  0,9  part  per  1000,  while  that  of  H,  Basset  in  1873  gives 
"excess  of  chlorine"  2  parts  per  1000. 

It  may  be  of  interest  to  reproduce  the  table  given  by  Gilbert 
recording  the  ptevJous  analyses  of  this  water,  appending  also  the 
above  results  where  they  contrast, 

Farts  per  Thousand. 


,.     1    „. 

m. 

IV. 

V, 

VI. 

iBjo. 
I-  D.  Clt 

0.  D.  AU« 

( 

Dec,  iS8s. 
Tolmulgc. 

Aug.,  .S&i, 
TBlniidgc, 

Aug..  189.. 

E.  Wilier. 

..1S6 

SiKcilc  GriThy.... 

a.  .. 

1*4-5 

?^. 

Trace. 


a.4 
Trace. 

11 
383 

3.0 

90.7 

% 

1-9 

0.4 
2.9 

110.5 
1 1.7 
65.3 
2.1 
0.8 

IJ8.278 
14-964 
75825 
3925 

Tr«e. 

Na 

K  .::r::;::::: 
% 

v^^:s.::::::::. 

Total 

2II.8 

149.9 

iM.* 

■"•' 

1955 



Probable 

Combinations. 

1.  (.Sso.) 

11.  (.869.) 

111.  (iBjJ.)    IV.  liMs.) 

V.  (.889.) 

VI.  (i89>.) 

Naa 

J§ 

1 1 8.6 

14.9 
9-3 
S-3 
■"oV, 
0.9 

88.5 
18.9 
11.9 
10.9 

"35-9 

"V1.3 
i4.a 
4.3 

"574 

10.5 

47 

■■2.8 

192.860 

'"S-043 

■■8:756 

0.045 

M«a 

a(ewm) 

iai.8 

149.9 

1342 

.67.2 

'95-5 

Riferences. — I.  Stansbury's  Report.     "  Expedition  to  the  Great 
Salt  Lake,"  p.  419, 

II.  Survey  of  the  Fortieth  Parallel.     Systematic  Geology,  Vol. 
I.,  p.  502,  and  Descriptive  Geology,  Vol.  II.,  p.  433. 

III.  Collected  by   Dr.    Marcet.     H.   Bassett,    Chemical  News, 
XXVIII.,  p.  236. 
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IV.  and  v.,  J.  E.  Talmadge,  "  Science','  XIV.  (i88g),  p.  445. 

As  has  been  suggested  by  Gilbert,  the  localities  at  which  the 
samples  were  taken  were  not  noted  in  most  of  these  cases,  and 
local  influences,  as  well  as  those  due  to  season,  may  perhaps  ac- 
count for  some  of  the  discordant  results  obtained ;  nevertheless, 
the  inevitable  inference  from  an  examination  of  Hiese  figures,  in 
the  light  of  the  known  (acts  regarding  changes  in  the  level  of  the 
lake,  must  be  that  the  average  amount  of  the  salts,  and  their  rela- 
tive proportions  are  constantly  changing. 

In  my  own  calculation  (made  in  accordance  with  the  rules  formu- 
lated by  Fresenius),  no  Na,SO,  is  made  to  appear;  yet  it  is  well 
known  that  in  the  winter  time,  when  the  temperature  of  the  water 
is  brought  down  to  20°  F,  or  below,  lai^e  amounts  of  sodium 
sulphate  separate  from  the  water.  It  might,  perhaps,  be  argued 
that  it  was  not  until  the  conditions  of  temperature  favor,  that  an 
interchange  of  acid  and  basic  radicals  would  occur  to  cause  the 
formation  of  Na^O,. 

As  regards  the  probable  period  which  has  elapsed  since  Lake 
Bonneville  was  in  existence,  Gilbert  gives  an  interesting  calcula- 
tion, indicating  that  if  the  Great  Salt  Lake  received  only  the  salts 
contributed  by  the  Bear  River  and  the  Jordan  (its  present  tributa- 
ries) it  would  require  34,000  years  to  attain  the  saltncss  found  in 
1869,  but  that  if  allowance  is  made  for  the  contributions  of  saline 
matter  from  littoral  salt  springs,  some  10,000  years  less  would 
have  been  consumed.  The  variations  in  composition  of  the  salts 
in  the  water,  as  judged  from  the  list  of  analyses  quoted,  suggest 
that  such  calculations  leave  a  wide  margin  for  guess-work.  Gil- 
bert also  says  (p.  258) :  "  There  are  certain  soluble  but  very  rare 
substances,  such  as  the  compounds  of  boron,  lithium,  iodine  and 
bromine,  which  tend  to  accumulate  in  inland  lakes  of  great  an- 
tiquity, and  have  come  to  be  regarded  as  the  diagnostic  characters 
of  age.  Only  one  of  these  (boron)  has  been  detected  in  the  water 
of  Great  Salt  Lake,  and  that  one  is  not  found  in  measurable  quan- 
tity," "The  conclusion  that  the  brine  is  recently  accumulated 
accords  with  the  facts  derived  from  the  Bonneville  history,  for  at 
the  time  of  the  outflow  the  salts  stored  in  the  lake  must  have  been 
discharged  beyond  the  limits  of  the  iKisin." 

The  argument,  so  far  as  it  is  based  upon  the  absence  of  the  ele- 
ments enumerated,  seems  to  he  defective,  Mr,  Gilbert  apparently 
having  overlooked  reference  in  Kings's  report  (Survey  of  the  40th 
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Parallel.  Vol.  I.,  p.  495),  to  the  detection  of  lithium  by  R.  W. 
Woodward  in  many  of  the  evaporation  products  of  Lake  Bonne- 
ville, also  in  the  same  report  {Vol.  II.,  p.  434),  Prof.  O.  D.  Allen's 
note  as  to  the  detection  of  traces  of  lithium  and  bromine  as  well 
as  boric  acid  in  the  Salt  Lake  water  itself.  In  my  sample  the  salts 
left  on  evaporating  only  lO  c,c.  of  the  water  showed  the  lithium 
line  in  the  spectroscope  distinctly,  and  from  the  way  in  which 
Prof,  Allen  speaks  of  the  tests  upon  the  water  for  that  element,  his 
sample  apparently  contained  as  much  as  my  own.  The  reaction 
for  bromine  was  quite  &int,  but  doubtless  in  a  sufficient  quantity 
of  the  water,  both  bromine  and  iodine  might  be  found  in  weighable 
quantities,  probably  in  as  large  proportion  as  in  many  waters  com- 
ing from  "  older  "  sources. 

It  must  not  be  overlooked  that  the  proportions  of  salts  found 
are  reported  in  parts  per  thousand,  whereas  in  most  analyses  of 
mineral  waters  the  salts  are  reported  in  parts  per  hundred  thousand 
or  in  grains  per  gallon  (parts  per  58,318),  and  that  the  amount  of 
lithia  salt  found  in  this  analysis  is  equal  to,  if  not  greater  than  the 
largest  amount  found  in  any  one  of  the  Saratoga  mineral  waters. 

By  way  of  illustration,  the  grains  per  gallon  of  the  various  ele- 
tnents  and  acid  radicals  determined  in  the  Salt  Lake  water  and  in 
the  Saratoga  Hathom  Spring  water  may  be  contrasted. 


Grains  per  Gallon, 


N'a. 


202.058 
5.014 


4421.962 

K Z28.898 

Li, I."S 

Mg, 181.492 

Ca 141.363 

Ba 

Iron  and  alumina, 0333 

a, 7480.916 

Br, Trace? 

I, 7 

SO, 730.258 

CO,  (in  bicarbonates) 

H,0  (in  btcarbonates) 

SiO„ 1.050 

O  in  bases 145  445 

Tolal I3433.84» 

Total  solids  by  evaporation,      .        .         .         13886.682 

Of  the  Salt  Lake  water,  barely  a  quart  was  available  for  analysis ; 
of  the  Hathom  water,  several  gallons. 


29.008 

42-135 
0.919 
0.587 
3 '4.037 
1.1S8 
ai66 

Trace. 

42.929 
3805s 

8S8.403 
740.550 
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ABSTRACTS. 


Analytical  Chemistry,  by  E.  Waller,  Ph.d. 

AfaUhnin  Paper.  Dietal  {Phartn.  Zeit.,  xxxvii.,  7),  Digest  50 
grammes  of  litmus  for  11  hours  with  1  litre  of  water.  Decant  and 
repeat  the  operation  with  a  second  litre  of  water.  Mix  the  united 
filtrates  with  100  grammes  of  sand,  add  HCl  until  all  CO,  is  expelled. 
Evaporate  to  dryness,  and  heat  to  expel  the  HCl.  Grind  the  residue 
to  powder,  and  wash  well,  first  with  hot,  then  with  cold  water,  until 
the  filtrate  is  no  longer  colored.  Dry  finally  between  blotting  paper. 
To  prepare  the  paper,  treat  10  grammes  of  the  azolitmin  sand  with 
100  grammes  hot  water  and  15  grammes  NH,C1.  Allow  to  stand 
for  some  lime,  filter,  and  soak  pieces  of  filter  paper  in  the. solution.  On 
drying  spontaneously  a  red  violet  color  is  obtained  which  is  sensitive  to 
either  acids  or  alkalies. 

Slandardmng  AcidimetrU  and  Alkalimetric  Solutiom.  Parsons  {J. 
Anal,  and  App.  Ckem.,  vi.,  372  et  seg.),  concludes  from  his  experiments 

that  the  most  accurate  method  of  standardizing  is  with  potassium 
tetroxalaie  (volumetrically).  Of  the  gravimetric  methods  the  determi- 
nation (of  standard  HCl)  by  precipitation  as  AgCl  is  given  the  prefer- 
ence. The  tetroxalate  as  usually  obtained,  frequently  contains  more  or 
less  acid  (hi)  oxalate.  Using  an  excess  of  oxalic  acid  for  the  first  crystalli- 
zation and  keeping  the  solution  hot  for  an  hour  or  more  before  cooling 
to  crystallize  out,  are  especially  advised.  No  material  gain  or  loss  by 
exposure  to  ordinary  conditions,  or  by  drying  over  sulphuric  acid  was 
detected.  Litmus  was  found  to  be  the  best  indicator  with  it.  The 
point  taken  is  the  distinct  appearance  0/ the  blue  (adding  an  alkaline  so- 
lution from  the  burette).  Cochineal,  methyl  orange  and  turmeric,  are 
unsatisfactory.  Acid  potassium  tartrate,  strongly  recommended  by 
Borntiager  {^Vid.  Quarterly,  xiii.,  175),  was  found  to  be  more  difficult 
of  preparation,  as  it  tends  to  retain  an  excess  of  acid.  Borntrager's  direc- 
tions are  not  sufficient  for  obtaining  a  salt  of  the  necessajy  purity. 

Lime  and  Magnesia  in  Gun  Cotton.  Schjerning  {Zts.  Anal.  Chem., 
xxxi.,  183).  Weigh  out  3  to  5  grammes  of  the  cotton,  wet  down  with 
a  mixture  of  equal  parts  ether  and  alcohol,  saturated  with  paraffin,  add 
one-fourth  the  volume  of  water,  and  introduce  a  few  pieces  of  paraffin. 
Ignite  the  ether  vapors,  moving  the  dish  about  so  that  the  cotton  is 
soaked  with  the  paraffin.  Finally  incinerate  complettly  to  ash  over  a 
strong  flame,  and  weigh  total  ash  (B  per  cent).  Then  heat  with  an  ex- 
cess of  tenth  normal  HCl  lo  90°  C.  Cool— add  a  little  pure  NaCI,  and 
a  few  drops  of  litmus  solution  and  then  render  perceptibly  alkaline  with 
tenth  normal  soda.  Filter  olT  and  weigh  "impurities  "  (C  per  cent)., 
consisting  of  Fe,0„  A1,0,  and  SiO,  and  titrate  back  with  tenth  normal 
acid.  Representing  by  A  the  c.c.  of  tenth  normal  acid  neutralized  by  the 
bases  in  100  grammes  of  the  cotton. 
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Per  cent.  MgO  -=  [A  o.ooaS  —  (B— C)]  2.5. 
Per  cent.  CaO  =  [(B— C)  —  A  o  ooa]  3.5. 

Quaiitative  Test  for  Sirontium.  MrElroyand  Bigelow  {J.  Anal,  and 
App.Chem.^\\.,  266.  Evaporate  the  HCl  solution  of  CaCO, and  SrCO, 
on  ihe  water  bath  to  crystallization  take  up  nith  acetone  and  water 
(1:1)  and  add  K,CrOj  solution  in  a  similar  solution  of  acetone  to  which 
a  drop  of  ammonia  has  been  added.  Under  these  conditions  anhydrous 
SrCrOj  is  completely  precipitated. 

Barium  in  Presence  of  CalHum  and  Magnesium.  Mar  (^Am.  Jour 
^rt-iXliii.,  June,  1892).  BaCf,  is  soluble  to  the  extent  of  about  i :  30,000 
in  pure  concentrated  HCl.  'I'he  solubility  increases  rapidly  by  dilution. 
In  cone.  HCl  containing  10  per  cent,  of  ether  its  solubility  is  about 
I  :  120,000.  CaCl,  and  MgCl,  are  however  soluble.  A  separation  can 
therefore  be  effected  by  converting  a  mixture  of  the  three  into  chlo- 
rides, which  are  dissolved  in  the  least  possible  quantity  of  boiling  water, 
(As  the  most  of  the  experiments  were  conducted  on  lots  of  about  o.j 
grammes  BaCl,,  3H,0,  the  amount  convenient  for  the  operation  should 
presumably  be  not  over  this).  25  c.c.  cone.  HCl  are  then  added  drop 
by  drop,  and  when  the  solution  is  cool,  5  c.c.  of  absolute  ether.  Allow 
to  stand  a  few  minutes,  filter  through  asbestos  felt  in  a  Gooch  crucible, 
and  wash  with  cone.  HCl  containing  about  10  per  cent,  of  ether.  Dry 
at  150-200°  C  and  weigh  BaCl,. 

Precipilaiion  of  Aluminum  P/wsphate.  Glaser  (Pres.  Zis.  Anal.  Chem., 
xxxi.,  383).  Precipitation  with  alkaline  acetate  at  the  temperature  of 
boiling  afforded  a  mixture  of  neutral  and  basic  salt,  containing  46.6  per 
cent.  AljOj.  If  the  temperature  was  brought  only  to  70°  C.  and  not 
allowed  to  pass  that  point  the  composition  of  the  precipitate  was  AlPO,. 

Precipitation  with  ammonia  left  both  alumina  and  phosphoric  acid  in 
solution. 

A  solution  containing  calcium,  aluminum  and  ferric  phosphate  should 
be  thus  managed  for  determination  of  Fe,0,  and  A1,0, :  the  solution 
which  should  contain  no  free  CI,  is  nearly  neutralized  with  ammonia, 
the  neutralization  being  controlled  by  the  indications  afTorded  by  a  few 
drops  of  meythl  orange  in  the  solution.  Then  add  a  few  c.r.  of  sodium 
or  ammonium  acetate  solution  (preferably  the  latter),  and  heat  to  70°  C. 
to  effect  precipitation  of  iron  and  alumina  phosphates.  Dissolve  in 
HCl  and  reprecipi'ate  as  before  after  addition  of  a  little  Na,HPO,.  Fil- 
ter, wash,  ignite  and  weigh,  cover  with  pure  Na,CO„  fuse  ten  minutes 
over  the  blast.  Leach  out  tiie  melt  with  water,  filter  and  wash  hot. 
The  insoluble  Fe,0,  may  be  dissolved  in  HCi  and  precipitated  by  am- 
monia for  weighing,  or  the  solution  may  be  acidifiied  and  the  above 
method  repeated  for  determination  of  Al,0,  as  AlPO,. 

If  the  amount  of  Na,CO,  used  in  the  fusion  is  relatively  small,  the  so- 
li'tion  on  cooling  deposits  some  basic  phosphate  vAl,?,0,). 

Separating  Ferric  Oxide  from  Alumina.  Beilstein  and  Luther  (^Fres, 
Zls.  Anal.  Chem.,  xxxi.,  206).  Dissolve  the  precipitated  hydrates  in 
HNO,  and  evaporate  until  acid  vapors  ceased  to  be  evolved.  Then 
cov»  with  water  and  boil  for  10  minutes.     Cool — add  3  to  3  c.c.  of  a. 
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lo  per  cent,  solution  of  (NH,),SO,.  Stir  in,  and  filter  off  the  basic 
ferric  nitrate.  Wash  (first  by  decantation),  with  cold  dilute  NH.NO, 
solution,  finishing  with  the  same  solution  hot,  Alumina  only  passes 
into  the  filtrate. 

Determination  of  Zme  in  Ores.  A.  H.  Low  (For  full  description  vid. 
this  number,  p.  40).  Applicable  to  plumbiferous  ores,  containing  zinc. 
The  ore  is  decomposed  by  HNO,  containing  KCIO,  in  solution,  which 
by  evaporation  causes  the  separation  of  Mn  as  MnO,,  The  residue  is 
taken  up  with  ammonia  and  NH,C1,  and  filtered,  the  solution  acidified 
wiih  HCI,  and  the  zinc  titrated  with  standard  ferrocyanide  solution. 

Qualitatitive  Detection  of  Nickel  and  Cobalt.  Hambiy  {Chem.  News, 
Ixv,,  289).  The  cyanide  method  is  thus  modified  :  After  separating  the 
mixed  sulphides  by  the  action  of  cold  dilute  HCI,  and  testing  with  a 
bead,  dissolve  in  HCI  and  KCIO,,  boil  out  the  excess  of  CI.  and  evapo- 
rate off  the  excess  of  acid.  To  the  neutral  solution  add  slight  excess  of 
KCy,  make  alkaline  with  NaOH,  add  bromine  water,  heat  gently,  allow 
to  stand  and  filter  off  Ni,0,.  If  only  traces  of  Co  are  to  be  expected, 
acidify  with  H,SO„  evaporate  nearly  lo  dryness  under  the  hood,  dilute 
and  test  the  solution  with  (NH,j,S,  etc. 

Detection  of  Small  Amounts  of  Lead  in  Presence  of  Copper  aud  Iron. 
Teed  (Analyst,  xvii.,  142).  Add  a  few  c.c.  of  ammonia,  then  a  little 
KCy  and  then  ammonium  sulphide.  The  iron  is  converted  to  ferro-or 
ferricyanide.  CuS  is  soluble  in  KCy,  and  only  PbS  remains  to  give  the 
characteristic  brownish  or  blackish  tint.  The  method  is  applicable  when 
substances  are  present  which  reduce  alkaline  chromate. 

Analysis  of  Galena  and  of  Lead  ^Iphate.  Benedikt(C<4  m.Ztg.,  xvi., 
43).  If  galena  is  attacked  by  HNO,  some  PbSO^  remains  with  the 
gangue.  The  author  has  found  that  sulphates  are  more  or  less  readily 
converted  to  iodides  by  treatment  with  HI.  Free  H  SO,  is  converted 
to  H,S. 

The  method  proposed  is :  treat  the  finely  pulverized  sample  with  a 
few  c.c.  of  HI  (Sp.  Gr.  1.7)  in  a  dish  (covered  if  the  action  is  violent) 
on  the  water  bath.  After  a  short  time,  cool,  add  dilute  HNO,,  and 
warm  up  which  affords  Pb  (NO,),  with  separation  of  I.  The  reaction 
for  PbSO,  is  given  as  PbSO.  +  loHI  =  Pbl,  +  4H,0  +  H,S  +  4I,. 

Determining  Lead  in  Ores,  Etc.  (Von  Schullz  and  Low).  The 
method  consists  in  convening  all  the  lead  to  sulphate,  which  is  dissolved 
in  hot  NH,C1  solution  and  the  metal  precipitated  for  weighing  by  sheet 
aluminum.  The  detail  is  as  follows:  Decompose  i  gramme  of  the  ore 
in  a  flask  by  use  of  10  c.c.  each  of  cone.  H,S0,and  HNO,.  Heat  until 
all  HNO,  is  expelled.  Cool  and  add  10  c.c.  diluted  H,SO,  (1 : 9),  then 
about  a  grammes  Rochelle  salt.  When  this  is  dissolved,  add  40  c.c. 
water  and  boil.  Allow  to  stand  and  settle  for  a  few  minutes,  then  filter 
and  wash  with  diluted  H,SO,.  Rinse  all  solid  particles  from  the  flask 
into  the  filter  by  means  of  the  diluted  H,SO,.  Now  put  into  the  flask 
three  strips  of  Al  foil  one-sixteenth  inch  thick  by  5^  by  i^  inches.  Set 
the  funnel  over  the  flask  and  dissolve  the  PbSO,  back  into  it  by  boiling 
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solution  of  NH,CI  (saturated  in  the  cold).  Wash  well  with  the  same. 
Boil  for  five  minutes.  Agitate,  fill  the  flask  with  cold  water,  wash  by 
decantation  and  invert  over  a  porceiain  capsule,  into  which  ih«  Pb  and 
Al  are  allowed  to  settle.  Remove  the  flask  in  sucha  way  that  the  metals 
are  not  lost.  Remove  the  Ai  strips,  rubbing  off  any  adhering  lead  under 
ivater.  Decant  the  water  as  closely  as  possible,  and  press  the  lead  into 
a  more  or  less  coherent  sheet  by  an  agate  pestle.  Wash  a  few  times  with 
water,  finally  with  alcohol  dry  and  weigh.  IfSb  is  absent,  the  Rochelle 
salt  may  be  omitted,  and  less  acid  is  required  in  effecting  solution.  Com- 
mercial Al,  which  contains  Si,  is  liable  to  give  high  results.  If  made 
by  the  sodium  process,  this  difficulty  is  avoided.  The  strips  may  be 
used  again  and  again  until  they  become  too  thin  and  light  to  be  man- 
ageable. A  deduction  of  3  per  cent,  from  the  result  gives  about  the 
percentage  obtained  by  fire  assays  on  the  same  sample. 

Bismuth  in  Refinery  Slag.  Hampe  (C/iem.  Ztg.,  %</.,  410).  Digest  1 
Rramme  for  some  time  with  15  c.c.  HNu,  in  a  platinum  dish.  Then  add 
10  c.c.  HFl  to  decompose  the  silirates.  Then  add  a  few  drops  HjSO, 
and  evaporate  to  drynes.s.  Dissolve  in  HNO„  filter  and  neutralize  with 
ammonia.  Add  ammonium  carbonate,  boil  and  filter.  The  precipitate 
is  dissolved  in  nitric  acid  and  precipitated  by  H,S.  The  mixed  PbS  and 
Bi,S,  are  dissolved  in  HNOj,  the  solution  precipitated  with  ammonium 
carbonate,  and  that  precipitate  treated  with  HCI  and  evaporated  to 
dryness.  Considerable  quantities  of  hot  water  will  then  extract  PbCl,, 
leaving  BiOC!,  which  may  be  converted  to  oxide  for  weighing  in  the 
usual  manner  (solution  in  HNO,  and  precipitation  by  (NH,\CO,). 

Volumetric  for  Mercury.  Namias  {Chem.  Neivs,  ixvi.  90).  The  mer- 
cury must  be  in  the  form  of  HgCl,.  It  is  then  titrated  with  a  standard- 
ized solution  of  SnCl,,  added  gradually,  until  a  drop  of  the  solution  gives 
a  blue  spot  on  a  paper  freshly  saturated  with  NsjMoO,  solution.  This 
marks  the  complete  conversion  to  HgjCl,.  SnCI,  solution  j  to  3 
grammes  per  litre.  Free  HCI  should  be  about  0.5  c.c.  in  50  c.c.  of 
the  liquid  titrated. 

Gaid  and  Silver  in  Capper  Mattes,  Etc.  Whitehead  (/.  Anal,  and 
App.  Chem.,  vi.,  262),  In  determining  small  amounts  especially,  the 
losses  by  scorification  assay  are  sometimes  serious.  The  method  pro- 
posed is  as  follows :  Dissolve  i  to  4  A.T.  in  a  large  beaker  by  gradual 
addition  of  HNO, ;  heat  off  the  red  fumes,  stir  in  50  grammes  Pb(C,H, 
0,)„  and  then  add  i  c.c.  dilute  H,SO,  and  allow  it  to  settle.  The  Pb 
SO,  carries  with  it  the  gold,  which  otherwise  is  so  finely  divided  as  to  be 
in  danger  of  being  lost.  Filter  and  scorify  the  precipitate  along  with 
the  ash  of  the  paper  with  some  test-lead — cupel  for  gold. 

Dilute  the  filtrate  to  1000  c.c,  divide  in  halves,  and  add  to  each 
(cold)  a  saturated  solution  of  NaBr  so  long  as  a  precipitate  forms.  Fil- 
ler and  wash  with  cold  water  until  all  Cu  has  been  removed.  Dry  and 
brush  the  precipitates  from  the  paper  into  small  crucibles,  mix  in  three 
times  the  weight  of  Na,CO,  and  some  flour  or  other  reducing  agent ; 
cover  with  borax  glass  and  fuse  for  lead  buttons.  Cupel  these  buttons 
to  obtain  the  silver. 
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Arstnic  Tests.  Schmidt  (Ckem.  News,  Ixvi.,  71  and  83)  quotes  Fre- 
senius's  condemnation  of  gravimetric  processes  founded  on  the  volatility 
of  AsH,  or  SbH,,  His  investigations  indicate  that  when  As  is  present 
as  arsenide  in  the  substance  tested  (in  a  Marsh  apparatus)  it  escapes  en- 
tirely as  AsH,,  but  when  in  some  oxidized  combination,  such  is  not  the 
case.  It  may,  however,  be  completely  driven  over  as  AsH,  by  adding  an 
HCl  solution  of  SnCl,  after  the  evolution  of  gas  became  Uuggish. 

Assay  of  Tin  Ores  by  the  Use  of  KCy.  Rennie  and  Derrick  (/.  S.  C. 
/,,  xi„  66j),  The  ore  should  be  pulverized.  If  fairly  rich,  the  sample 
should  be  all  passed  through  a  60  sieve  ;  if  of  low  grade  and  containing 
much  iron,  a  90  sieve  should  be  used.  Two  hundred  and  fifty  grains 
are  then  boiled  for  half  an  hour  with  3-oz.  HCl  and  J^-oz.  HNO„  after 
which  it  is  washed  by  decantalion.  Tungsten,  if  present,  is  dis.'^oived 
out  by  ammonia.  The  silica  is  then  removed  by  careful  vanning,  the 
details  of  which  are  described.  The  resulting  purified  oxide  (SnO,)  is 
dried  and  weighed.  Take  a  fine-grained  clay  crucible,  3  inches  high  and 
and  a>^  inches  diameter ;  ram  into  the  bottom  a  layer  of  dry  pulverized 
KCy  ;  then  introduce  5°  grains  of  the  purified  oxide  mixed  with  300 
grains  of  dry  KCy,  and  cover  with  dry  cyanide.  Cover  (he  crucible, 
and  introduce  into  a  muffle  previously  heated  to  redness.  Keep  at  a 
cherry-red  heat  for  10  minutes,  then  shake  gently  to  settle  the  reduced 
metal,  and  increase  the  heat  to  bright-red  for  five  minutes.  Withdraw, 
cool,  fill  the  crucible  gradually  with  hot  water  to  dissolve  out  the  slag, 
take  out  the  button,  and  any  prills  that  may  have  been  formed,  wash, 
dry  and  weigh. 

One  must  make  certain  that  the  KCy  is  pure,  finely  powdered  and 
thoroughly  dry.  It  is  recommended  that  this,  as  well  as  the  ore,  crucible 
spatula,  etc.,  be  dried  perfectly  by  healing.  Crucibles  with  a  rough 
interior  surface  are  to  be  avoided.  Fusion  should  take  place  quickly 
after  insertion  into  the  muffle.  At  the  end  of  the  fusion  a  globule  of 
green  silicious  slag  will  be  observed  to  rise  to  the  surface  This  marks 
the  end  of  the  operation. 

Vanadic  Aeid.  Rosenheim  and  Freidheim  {Zts  fanorg.Chem.,i,  $\$). 
In  a  sulphuric  acid  solution,  vanadic  acid  acts  upon  oxalic  acid  thus; 
V,0,  -•■  H,C,0,  ^  V,0,  -f  H,0  +  CO,  or  1 00  parts  V,0,  correspond  to 
48.246  parts  CO,,  The  escaping  CO,  may  be  determined  (preferably 
by  absorption).  The  reaction  is  adapted  for  the  determination  of  VjOj 
in  presence  of  phosphoric,  tungstic  or  molybdic  acids.  The  proijortion 
of  reagents  recommended  are  equal  volumes  of  10  per  cent.  H,SO,  and 
of  a  saturated  solution  of  H,C,0,  with  the  solution  to  be  analyzed. 

Sulphur  in  Iron  and  Steel.  Babbitt  (/.  Anal,  and  App.  Chem.,  yi„ 
301)  describes  the  Wiborgh  method  (evolution  and  comparing  tint  im- 
parted to  a  cloth  soaked  in  Cd  (C,H,0,),  solution)  which  is  tised  in  most 
works  in  Sweden.  Clymer((^.  319)  gives  a  list  of  several  determinations 
made  on  the  same  sample  by  expert  iron  chemists,  in  which  the  results 
varied  from  0.005  '"^  0.034  per  cent.  The  differences  did  not  seem  to 
be  due  to  the  methods  employed  but  to  ihe  manipulation  details.  The 
sources  of  error  in  the  aqua  regis  method  seem  to  be  ;  i.  Evaporating 
too  far  for  the  separation  of  SiO„  etc,  so  as  to  leave  some  insoluble  basic 


ovGoo'^lc 


ABSTRACTS.  67 

ferric  sulphate.  2.  Precipitating  BaSO,  in  too  aclH  a  solution  (which 
retards  the  precipitation)  and  not  allowing  sufficient  time.  3.  Precipi- 
tating BaSO,  in  a  solution  too  nearly  neutral,  allowing  contamination 
with  iron.  The  use  of  ammonia  to  neutralize  the  excess  of  acid  and 
allowing  to  stand  for  fourteen  hours  to  precipitate  are  recommended. 

Suiphur  in  Iron.  ^3Sfii\c\i.{/.  Annl.  anil  App.  CAe/>i.,vi.,  245)  recom- 
mends an  evolution  method  in  which  the  H,5,  H.  elc,  are  passed  through 
an  ammoniacal  solution  of  CdCl,.  A  small  buttle  is  interposed  between 
the  generating  and  receiving  flabks  to  intercept  any  HCI  which  may  boil 
out  of  the  iron  solution.  When  the  first  stage  of  the  process  is  over,  the 
Cd  solution  is  strongly  acidified  with  HCI,  and  at  once  titrated  with 
standard  iodine  solution. 

Sulphur Deltrmi»ation.  Treadwell  (5»-/fAfa,  kxv„  2377.)  Heating 
the  powdered  mineral  with  pulverized  iron,  and  then  evolving  the  S  as 
H,S  by  treatment  with  HCI  with  suitable  precautions,  will  afford  all  the 
sulphur  whether  present  in  the  original  as  sulphide  or  sulphate. 

Sulphur  in  sulphides  or  in  the  elemental  form,  is  completely  converted 
to  H^  by  treating  the  material  with  tin  and  HCI  in  an  atmosphere  of 
hydrogen.  The  method  is  applicable  in  the  presence  of  As  or  Sb,  where 
the  evolved  gas  is  pass-  d  into  ammoniacal  H,0„  and  the  barium  precipi- 
tation follows.  Zinc  instead  of  tin,  as  recommended  by  Klobekow, 
did  not  give  satisfactory  results. 

Sulphur  in  Coals  and  Organic  Substances.  Hempel  {Zts.  angtw.  Chem,, 
189Z,  393.)  A  weighed  quantity  of  the  substance  is  burned  in  an  atmos- 
phere of  oxygen  (10  litres)  inasmall  platinum  gauze  basket,  the  com- 
bustion being  started  and  maintained  by  a  spiral  o(  platinum  wire  im- 
bedded in  the  substance,  which  is  made  to  glow  by  the  passage  of  an 
electric  current.  The  interior  of  the  combustion  vessel  may  be  afterward 
rinsed  out  and  the  solution  precipitated  with  BaCI,  as  usual.  The  test 
analyses  compared  with  results  by  Eschka's  method  show  results  slightly 
higher.  (The  use  of  a  rubber  stopper  for  closing  the  combustion  vessel 
may  account  for  this. — A6s.) 

Sulphur  by  Eschk.i' s  Method.  Hundeshagen  (_/,  ^na/.  and  App.  Chem., 
vi-.  38s)  finds  that  when  Na,CO,  is  used,  some  loss  of  H,S  occurs,  which 
is  not  the  case  if  K,CO,  is  used  instead.  The  mixture  recommended  is 
2  parts  MgO  with  1  part  calcined  K,CO„  of  which  3  grms.  are  used  per 
grm.  of  coal. 

c  Acid.  Stolle  recently  proposed  a  method 
i  {vide  Quarterly,  xi.,  378).  Precipitation 
by  use  ofa  standard  solution  of  BaCrO^  in  HCt,  neutralizing  with  am- 
monia, which  precipitates  the  excess  of  BaCrO,.  leaving  H,CrO,  in 
the  solution  corresponding  in  amount  lo  the  BaSO,  precipitated.  By 
Andrew's  method  this  H,CtO,  was  determined  by  titration  with  stan- 
dard Na,S,0,,  by  Stolle's  method  with  standard  ferrous  solution.  Von 
Asboth  {Chemiier  Zeiiung,  xvi.,  922)  finds  it  defective,  since  it  is  im- 
possible 10  keep  for  any  length  of  time  a  solution  of  BaCrO,  in  HCI 
without  gradual  evolution  of  CI  resulting  from  reaction  of  the  chromate 
upon  the  HCI. 
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Barium  Sulphate  Prfdpilafe.  M.  Ripper  {Zts.  angew.  Chem.,  1891, 
p.  551)  after  igniting  this  preri  pi  I  ate  restores  BaSO,  from  the  BaS  which 
may  have  formed,  by  adding  bromine  water  so  long  as  it  is  decolorized, 
drying  and  igniting  again.  Previous  to  the  second  ignition  the  pre- 
cipitate may  be  warmed  with  a  few  drops  of  HCI,  which  is  decanted  off 
through  a  small  filter  to  remove  salts  carried  down  in  the  precipitation. 

Phosphorus  in  Iron.  Rothberg  and  Auchinvole  {J.  Anal,  and  App. 
Chem.,  vi.,  244)  describes  their  meihod  which  differs  only  in  a  few  detaib 
from  those  described  by  Manby  and  Handy  [vide  Quarterly,  xiii.,  289 
and  387)  acidimetric  titration  of  the  "  yellow  precipitate,"  The  remark 
is  made  that  as  the  compound  formed  by  dissolving  the  "  yellow  preci- 
pitate" in  caustic  soda  is  very  volatile,  it  is  essential  that  the  titration 
be  made  promptly. 

Chlorine  in  Eleclrolyzed  Solutions.  L.  M.  Norton  {Teehnolo^  Quar- 
terly, Dec,  '91),  The  electrolytic  action  upon  aqueous  solutions  con- 
taining alkaline  chloride  is  to  afford  at  ordinary  temperatures  hypo- 
chlorite and  chlorate  besides  chloride.  Raising  the  temperature  to  50- 
S5°  ^-  gives  practically  only  chloride  and  chlorate.  Hypochlorite  is 
dt'termined  by  the  ordinary  arsenite  titration.  In  an  aliquot  portion  of 
the  solution  from  this  operation  the  CI  as  chloride  may  be  determined 
by  the  AgNO,  titration.  Deduct  the  amount  present  as  hypochlorite, 
and  the  remainder  is  calculated  as  chloride.  For  total  CI  (which  by 
calculation  will  give  CI  as  chlorate)  complete  reduction  to  chloride  and 
subsequent  titration  with  AgNO,  is  the  most  convenient.  The  best  re- 
ducing agent  was  found  to  bs  SO.j,  The  solution  is  acidified  with  HNO, 
and  boiled  for  a  few  minutes.  Tne  solution  being  then  acid  the  addi- 
tion of  an  excess  of  standard  AgNO,  and  titrating  back  with  sulpho- 
cyanite  (Volhard's  method")  is  preferaole, 

Nitrogen  in  Coal  Gas.  New  (/.  S.  (7. /.,  xi.,  415).  The  majority  of 
the  bases,  and  certain  hydrocarbons,  such  as  benzine,  xylene,  etc.,  are 
first  removed  by  passing  the  gas  through  strong  H,SOj  (Sp.  Gr.  185). 
Then  the  whole  of  the  remaining  hydrocarbons  are  converted  into  CO, 
and  H,0  by  passing  the  gas  over  red  hot  CuO,  From  the  resulting  mix- 
ture of  CO,  and  N  the  former  is  absorbed  by  NaOH.and  the  volume  of 
the  latter  may  be  determined.     The  apjiaratus  is  described  in  detail. 

Determination  of  Nitrogen  in  Nitrates.  Arnold  and  Wedemeyer 
i^Fres.  Zts.  Anal.  Chem.,  xx.ti.,  388)  find  that  Boyer's  method-combus- 
tion with  S,  CaC,0„  and  soda  lime  [t'ide  Quarterly,  xiii.,  181)  gives 
re:>ults  which  are  altogether  erroneous. 

A  summary  of  the  conclusions  is  given  as  follows  : 

I.  Varying  amounts  of  soda-lime,  sodium  formate  and  Mg  powder. 
With  the  substances  tried,  only  one  third  to  one-fourth  ol  the  N  was 
obtained  as  NH,. 

II.  Varying  amounts  of  formate  and  soda-lime,  also  of  oxalate  and 
soda-lime.     Results  as  in  I. 

in.  Varying  amounts  of  soda-lime,  formate,  thiosulphate  and  oxalate. 
Results  always  1  to  2  per  cent.  low. 

IV.  Varying  amounts  of  soda-lime,  formate,  and  thiosulphate  con- 
taining water  of  crystallization. 
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Results  satisraclory.  The  best  proportions  were  found  to  be  equal 
pans  of  sodium  formate,  soda-lime  and  rrystallized  thiosulphate  with  2 
|>arts  dry  Na,S,0,.  The  combustion  can  be  rapidly  carried  through 
(25  to  30  minutes). 

The  method  is  not  adapted  for  the  analysis  of  nitro  compounds, 
nitrites,  or  pyridin  and  chinoline  nitrates. 

Determining  Nitrates  and  Aitrites.  Ulsch  (^r«,  Zts.  Anal.  Chem., 
xxxi.,  39a)  reports  a  series  of  results  obtained  by  measuring  the  deficit 
in  volume  of  hydrogen  obtained  when  the  acid  solution  is  made  to  act 
upon  a  copper-iron  couple.  Three  gms.  of  pulverized  iron  are  placed  in 
the  decomposing  fl.isk  which  is  then  connected  with  the  azotometer  ;  an 
apparatus  of  special  form  (previously  described),  is  used.  After  filling 
the  Rask  with  hydrogen,  and  precipitating  some  copper  upon  the  iron 
by  the  use  of  of  2  c  c.  of  a  solution  containing  too  gms.  crystallized 
CuSO,  and  30  c.c.  cone.  H,SO,  per  litre  and  taking  suitable  precau- 
tions, the  solution  to  be  tested  is  run  into  the  fiask,  with  20  c.c.  N/io 
H,SO,  and  the  evolution  of  gas  allowed  to  take  place  in  the  cold.  The 
results  quoted  seem  to  indicate  that  the  method  is  serviceable  in  water 
analysis.     Chlorides  do  not  interfere,  free  HCI  does. 

Quantitative  Determination  0/ Nitrites.  Grossman  {^Chem  Zig.,  xvi., 
818).  About  3  gms.  of  the  salt  are  dissolved  in  200  c.c.  of  water,  an 
excess  of  normal  sulphuric  acid  is  added,  and  the  mixture  boiled  until 
no  more  NO  escapes.  The  reaction  is:  3NaN0, -l- H,SO,=  Na,SO, 
+  NaNO,  +  2NO  +  H,0.  The  solution  is  then  titrated  back  with 
alkali.  Each  c.c.  of  acid  neutralized  by  the  samples  indicates — not  the 
equivalent  (69),  but  i^  equivalents  (103.5). 

Analysis  of  miro  Explosives.  San  ford  (_/.  Anal  and  App.  Chem., 
vi.,  311).  Dynamite.  Dry  10  grammes  over  CaCI,  for  6  or  8  days  in  a 
desiccator.  The  losa-moisture  is  usually  under  i  per  cent.  Extract  in  a 
Soxhlet  or  in  an  Erlenmeyer  flask  and  weigh  the  Kieselgubr.  The  nitro- 
glycerine is  determined  by  difference  as  it  is  too  volatile  for  a  direct 

Gelatin  dynamite.  Determine  moistureas  before.  Extractwith  ether 
to  remove  nitro-glycerine,  dry  at  40°  and  weigh.  Extract  them  with 
ether-alcohol  to  remove  gun  cotton.  The  residue  consists  of  K,NOj, 
possibly  other  salts,  wood  pulp  and  insoluble  or  non-nitrated  cotton. 
Dry  at  40°  and  weigh. 

Another  method  is  to  extract  first  with  ether  alcohol,  and  in  the  solu- 
tion to  precipitate  nitro-cellulose  by  adding  chloroform  in  excess.  The 
first  precipitate  always  carries  some  nitro-glycerine  with  it.  Redissolve 
and  reprecipitate. 

The  residue  in  the  case  of  blasting  gelatine  is  usually  Na,CO,.  In 
gelignite,  etc.,  it  may  contain  wood  pulp,  KNO„  etc.  Extract  the  solu- 
ble salts  with  water,  washing  very  thoroughly.  Dry  the  insoluble  pulp, 
etc.,  at  40"  and  weigh.  Evaporate  the  washings  to  dryness  and  weigh. 
Evaporate  the  washings  to  dryness  and  weigh.  If  the  salts  are  a  mixture 
of  Na,CO,  and  KNO,.  moisten  with  HNO„  dry  and  weigh  again,  and 
calculate  Na,CO,  from  the  increase  in  weight. 

Nitro-glycerine,  as  before,  is  determined  by  difference. 
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Gun  cotlpn.  Dry  looo  grammes(in  a  paper  tray)  at  loo"  to  constant 
weight.     The  moisture  in  "  wet  cotton  "  is  usually  lo  to  30  per  cent. 

Solubilily  t-st.  Expose  5  grammes  of  the  dried  sample  to  the  air  for 
2  hours,  and  then  extract  by  two  successive  digestions  with  ether-alco- 
hol in  an  Erlenmeyer  flisk  (250  c.c.  each  time).  Filter,  etc.  Dry  at 
100°  and  weigh  insnlubls  and  unconverted  cotton. 

Non-nitrated  (unconverted)  cotton.  Boii  5  grammes  of  the  dried 
sample  with  a  saturated  solution  of  NaHS,  Let  stand  48  hours  and  fil- 
ter or  decant,  boil  with  fresh  NaHS,  filter  dry  and  weigh.  Ignite  and 
deduct  ash.  The  result  obtained  by  this  deducted  from  the  preceding, 
gives  insoluble  cotton  as  distinguished  from  non-nitrated. 

Alkalinilyi.  Digest  5  grammes  with  20  c.c.  quarter  nornnal  HCl  dilu- 
ted to  250  c.c.  Shake  frequently,  wash  until  the  washings  arc  no  longer 
acid,  and  titrate  back. 

Nitrogen.  Use  a  Lunge  nitronieter.  Dissolve  0.6  gramme  gun  cotton 
or  0,1  to  0.3  gramme  nitro-glycerine  in  10  c.c.  cone.  H^04.  Introduce 
into  the  nitrometer,  rinsing  I'n  with  cone,  H^SO,.  Shake  the  mea-suring 
tube  for  ten  minutes,  let  stand,  equalize  the  pressure  and  read  off  the 
volume  of  NO.  Correct  for  temperature,  and  calculate.  Hexa-nilro 
contains  theoretically  14.14  per  cent.  N,  penta-nitro  11. 11  and  tetra- 
nitro  6.76.     The  two  last  are  in  collodion  cotton, 

Control-Test  for  the  Bessemer  and  Other  Processes.  Tropenas  and 
Wells  (_/.  S.  C.  I.,  xi.,  636),  have  patented  a  method  for  this  purpose, 
depending  upon  what  they  assert  to  be  a  fact^  viz.,  that  the  percentage 
of  CO,  in  the  converter-gases  at  any  given  time  during  the  "  blow" 
maintains  a  perfectly  definite  relation  with  the  percentage  of  carbon  in 
the  metal  at  the  time.  By  passing  a  definite  quantity  of  the  gases  through 
a  solution  of  lime-water  of  known  strength  with  a  suitable  indicator,  the 
proportion  of  carbon  in  the  metal  may  be  determined  in  10  to  lo  seconds. 

Slag  in  Wrought- Iran.  Barrows  and  Turner  (_/".  Lend.  Chem.  Soe., 
Ixi.,  551)-  The  chlorine  method  as  described  by  Blair  ( C'ifw/Va/./fo- 
a/ysis  0/  I> an,  ^.  71),  gave  low  and  irregular  results.  Both  slags  and 
ores  containing  ferrous  iron  afforded  sublimates  of  ferric  chloride  at  a 
very  low  red  heat,  one-third  of  the  iron  volatilizing  as  chloride,  the  de- 
composition apparently  being  3FeO=  Fe,0,  -|-  Fe,  Ferric  oxide  vola- 
tilized as  chloride  only  slowly  on  heating  to  a  high  temperature.  The 
combined  effect  of  a  high  heat  and  CI  gas  upon  ferrous  compounds  was 
to  afford  less  Fe,Cls4FeO  =  Fe,0,  +  Fe.  Results  on  dissolving  the  iron 
by  repeated  treatments  with  a  mixture  of  CuSO,  and  NaCI  (t'id.  Chens. 
News,  lii.,  16)  gave  more  satisfactory  results. 

Examining  Hand- Writing  (jinks').  Robertson  and  HofTman  {Chem. 
A'ww,  Ixvi.,  167).  The  authors  draw  lines  across  the  letters, etc.,  withquil! 
pens  dipped  in  the  following  solutions  of  reagents,  and  note  the  eflfects, 
using  a  microscope  if  necessary  ;  i.  3  percent.  H,C,0,.  2.  lopercent. 
H,C,HjO,.  3.  2  per  cent,  chloride  of  lime.  4.  i  part  SnCI,,  i  pari 
HCl  and  10  parts  H,0,  5.  15  per  cent.  H,SO,.  6.  10  percent.  HCl. 
7.  20  per  cent,  HNO,.  8,  Saturated  SO,.  9.  4  per  cent.  AuClj.  10. 
1  part  K,FeCv,,  i  part  HCl  and  10  parts  HjO.  11.  i  part  Na,S,0„  i 
part  NH,  and  10  parts  H,0.     la.  4  per  cent.  NaOH. 

A  tabic  of  the  effects  on  diflerent  inks  is  given. 
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Metallurgy,  by  Joseph  Stbuthers, 

Fuel,  Producer  Gas. — {Amen'ean  Manufadurer  and  Iron  World, 
Nov.  4,  1892.) — The  following  table  is  given,  quoting  Naumann  as 
authority,  on  the  relative  theoretical  value  of  producer  gas  as  made  by 
aid  of  air,  water,  steam  and  carbon  di-oxide. 


W„«  Producer  Ga..       i,^^;^"_   j 

"cit,'' 

From  Spray. 

rromStam    '^'^^' 

40.9         57-1 
38-      1     42.9 

Hydrogen,  per  ct.  by  volume 
Carbon  monraide,  per  cent. 

SO- 

34.3 

39  7 
431 

Nitrogen,  per  ct.  by  volume 

Heal  liberated   per  litre  on 
combustion  (calories) 

too. 

,„. 

,».   j  .«. 

a.8ii 
2.830"  C. 

1 

1.044          »-6sa 

|.904<'C.  1   2.3S6=C. 

[ 

1-790         ■  739 

2.431"  C.  2449°  C. 

Blast  Furnace  Practice.  Blowing  in  of  a  Coke-Furnace. — 
American  Manufacturer  and  Iron  IVar/d  {Nov.  4,  1892)  gives. a  descrip- 
tion by  J.  S.  Kennedy,  of  going  into  blast  with  a  coke-furnace.  This 
description  is  essentially  as  follows:  The  furnace  is  at  Ensley,  Ala., 
and  as  originally  constructed,  in  1887-88,  had  the  following  dimen- 
sions:  total  height,  80  feet;  bosh  diameter,  20  feet;  hearth  diameter, 
II  feet;  bosh  located  about  37  feet  above  the  hearth  level.  When 
remodelled  the  bosh  diameter  was  reduced  to  ig  feet  and  lowered 
to  a  point  28  feet  above  hearth  level;  the  bosh  lining  was  pro- 
tected by  ij^'inch  coils  of  the  Hartmann  pattern.  The  furnace  was 
well  dried  by  nearly  a  month's  hard  firing,  and  the  stoves  were  heated 
by  gas  taken  from  adjoining  furnaces;  the  hearth  was  filled  with  a 
strong  cribbing  of  cord  wood  and  a  layer  of  split  piue  worid  was  laid 
across  the  furnace  at  the  tuyere  level ;  on  this  three  lengths  of  cord 
wood  were  stood  on  end  ;  then  the  fuel  blank  of  Pratt  coke,  22,000 
lbs.  without  any  limestone,  and  78,000  lbs.  with  12  per  cent,  of 
stone.  The  burden  was  composed  of  equal  parts  of  hard  and  soft 
ores  and  sufficient  stone  was  added  to  form  a  sl»g  containing  36  per 
cent,  of  silica,  allowing  for  the  a}4  per  cent,  silicon  in  the  iron. 
The  first  cinder  flushed  contained  35.4  per  cent,  silica.  The  first  seven 
charges  filled  contained  coke^  65°°  ^^- ',  ore,  4000  lbs.  ;  limestone, 
980  lbs.  The  burden  was  raised  every  seven  charges  until  the  last 
charge  filled  consisted  of  6500  lbs.  coke,  8700  lbs.  ore  and  aooo 
lbs,  limestone.  A  small  piece  of  greasy  waste  was  placed  in  front 
of  the  nose  of  each  tuyere  and  when  all  was  in  readiness  7000  cubic 
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feet  of  blast  was  turned  on  through  a  hot  stove.  In  less  than  two 
minutes  all  the  tuyeres  lighted,  the  temperature  of  the  blast  being  820 
degrees.  The  heat  was  ordered  to  be  kept  at  800  degrees,  and  the 
revolutions  increased  gradually  until  at  the  end  of  the  first  24hours  the 
furnace  was  receiving  about  16,000  cubic  feet.  Cinder  was  tapped  14 
hours  after  lighting  and  was  hot  gray  and  fluid — the  first  cast  was  16 
hours  after  lighting,  and  contained  17^^  tons  Nos.  i  and  j  soft  iron. 
The  first  complete  furnace  day  showed  the  production  of  84  tons,  2400 
lbs.  to  ton,  80  per  cent,  foundry  iron  ;  on  the  third  day  14a  tons  were 
made  and  on  the  sixth  day  155  tons,  of  which  108  tons  were  foundry 
iron.  The  furnace  is  now  carrying  a  burden  of  6500  lbs,  of  coke, 
2700  lbs.  limestone  and  11,680  lbs.  of  ore. 

Blast-Furnack  Practice. — (Journ.  Franklin  Inst.,  Aug.,  1892.) — 
John  M.  Hartmann,  in  his  "  Notes  on  Blast-Furnaces,"  gives  an  his- 
torical sketch  of  the  manufacture  of  iron,  with  a  detailed  description  of 
the  standard  commercial  grades  of  pig-iron  now  manufactured  with 
analyses.  An  illustrated  pl^te  showing  appearance  of  the  different 
grades  accompanies  the  article.  The  following  descriptions  of  compo- 
sition and  appearance  are  given,  viz. : 

No.  I*  Pig-iron. 


An>ly.i< 

.   ,„,»„„. 

G*-ay ;   a  lai^,  dark,   open-grain 
iron,  softest  of  all  the  numbers,  and 
used  enelusively  in  foundry.    Tensile 
strength,  low ;  elastic  limit,  low  ;  frac- 
lure,  rough  ;  turns  soft  and  lough. 

Graphilic  C 

Combined  C 

-    35* 

--      -'3 

Sulphur 

c  numbcn  g>«cn  in  old  tui 

No.  2  Pig-Iron. 


Anilyiis 

PtopenlH. 

Gray;  a  mixed  largeand  small  dark 
grain,  harder  Ihan  No.  I.      Used   ex- 
clusively in  foundry.  Tensile  strength 
and  elastic  limit  higher  than  No.  i. 
Fracture,  less  rough;    turns   harder, 
less  lough,  and  morebrillle  IhanNo.i. 

r.raphiliC  C 

Comhined  C 

a.99 

Sulphur 

M=>"gane>«^ 

:.r:::  ;o. 
7a 

The  tensile  strength  culminates  in  No.  3  pig-iron,  but  falls  off  more 
rapidly  from  No.  3  to  No.  5  than  from  No.  3  to  No.  i.  Taking  the  sum 
of  the  graphitic  and  combined  carbon  in  each  quality  of  pig-iron,  they 
are  practically  the  same.  The  softness  of  the  iron  is  dependent  upon 
the  amount  of  graphitic  carbon  in  it.     It  is  nearly  pure  wrought  iron 
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embedded  in  the  graphitic  carbon,  and  it  is  the  absence  of  combined 

carbon  which  gives  it  ihe  softness  and  flexibility  that  makes  it  desirable 
for  machinery  and  other  purposes.  The  grains  of  iron  are  crude  crys- 
tals and  when  the  iron  is  nearly  pure  and  allowed  to  cool  very  slowly 
regular  octahedral  crystals  of  iron  are  formed. 

No.  I  pig-iron  may  be  defined  as  being  composed  of  grains  of  wrought 
iron,  connected  together  but  imbedded  in  graphite. 

No.  3  pig-iron  has  more  combined  carbon  which  converts  the  wrought 
iron  into  a  soft  sieel  harder  to  the  tool  working  it. 

mbined  carbon  and  the  iron  portion  is  a 
,rking  i. 


No.  3  pig-ii 
crude  sieel  harder  to  the  tool  v 


Nos,  4  and   5  are  virtually  crude,  higli  combined  carbon -steels. 
^<'-  3  Pig-Iron. 


Anilyiii. 

P^-,.. 

Iron 

Graphitic  C 

9466 

Gray ;  SToalt,  clo^  grain ;  harder 
than  No.  a.     Used  either  in  rolling- 
mill  or  foundry.    Tensile  strength  and 
elastic  limit  higher  than  No.  z.  Turns 
harder,  less  tough  and   more  brittle 
than  No.  2. 

Silicon 

.26 

Sulphar 

Manganese 

Trace. 
■3* 

No.  4  Pig-Iron. 


AnalyilL 

,„.... 

Iron 94.48      9408 

Graphitic  C „     a.oj         a.oz 

AToNled,  while  background,  dotted 
closely    with   smalt    black     spoU    of 
graphitic  carbon  ;  little   or   no  grain. 
Used  exclusively  in  the  rolling-mill. 
Tensile  sirength    and    ela.stic    limit 
lower  than  No.  3.      Turns  with  diffi- 
culty ;  less  tough,  and   more   britlle 
than  No.  3. 

Sulphur .08          .04 

Manganese _,       .67         2,02 

[The  manganese  in  "  B  "  pig-iron  replaces  part  of  the  combined  car- 
bon making  the  iron  harder  and  closing  the  grain,  notwithstanding  the 
lower  combined  carbon.] 


No.  s  Pig-Iron. 

— ^       _ 

Iron 

94.68 
3.83 

fViUe  :  smooth  while  fracture  ;  no 
grain.      Used  exclusively   in   rolling- 
mill.      Tensile  strength   and   Elastic 
limit  much  lower  than  No.  4.    Too 
hard  to  lum,  and  more  biitlle  than 
No.  4. 

Sulphur 

■«| 
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Slags. — In  the  advance  sheets  of  Transactions  of  the  American  IttsH- 
tute  of  Mining  Enginerrs,  for  June,  1891,  is  a  very  interesting  and  thor- 
ough paper  on  the  "  Calculation  of  Slags,"  by  N.  M.  Langdon.  The 
subject  is  discussed  under  the  three  cases,  viz.  : 

I.  A  certain  percentage  of  silica  is  required,  it  lieing  known  in  a 
general  way  that  the  amount  of  other  slag-making  demerits  present  will 
offer  no  hindrance  to  the  formation  of  a  fusible  slag  with  that  amount 
of  .silica. 

II.  The  stag  is  required  to  conform  to  a  general  tyi>e ;  that  is,  to 
have  a  certain  oxygen  ratio  of  bases  to  acid  (SiO,). 

III.  The  slag  is  required  to  conform  to  a  special  type;  that  is,  to 
have  a  certain  oxygen  ratio  of  protoxide  (RO)  to  sesijuioxide  (R,0,) 
bases  as  well  as  of  total  bases  to  acid  (SiO,)  or  to  contain  certain  per- 
centages of  the  different  bases  and  acid  elements. 

The  analyses  of  the  fuel,  ores  and  flux,  and  the  type  or  percentage  of 
the  different  elements  of  the  required  slag  being  given,  the  calculation 
of  the  proportion  of  ores  and  flux  may  be  reduced  to  the  simplest  form 
by  following  the  rules  given.  '  Examples  are  worked  out  covering  the 
following  calculations : 

1.  To  find  the  percentage  of  limestone  or  flux  required  to  produce  a 
slag  having  a  given  percentage  of  silica. 

2.  To  find  the  percentage  of  limestone  required  to  produce  a  slag 
having  a  given  oxygen  ratio  of  bases  to  acid. 

3.  To  determine  the  general  type  or  oxygen-ratio  of  a  slag  of  given 
analysis. 

4.  To  resolve  a  slag  given  by  its  formula  with  the  percentage  of  its 
elements. 

S-  To  determine  the  specific  formula  of  a  slag,  analysis  of  which  is 
given, 

6.  To  find  from  the  analysis  of  different  ores,  flux  and  fuel,  a  mixture 
that  will  produce  a  given  specific  slag. 

To  aid  in  the  calculations,  tables  are  given  on  "constants of  bases  for 
various  percentages  of  silica  required  in  slags,  on  "  type  slags"  and 
amount  of  silica  saturated  by  i  of  bases  to  produce  a  normal  silicate,!,  e., 

;|0}.SiO„.R,0.}3SiO,. 

Lead. — Advance  sheets  of  Transactions  of  the  American  Institute  of 
Mining  Engineers  for  October,  1892.  The  Zeehan  and  Dundas  Smelt- 
ing Works,  Tasmania,  by  George  F.  Beardsley.  Describes  location  and 
geology  of  mines,  and  the  process  of  smelting,  giving  illustrations  of  the 
furnace.  This  furnace  is  40  inches  x  136  inches  at  tuyeres  and  20  feet 
high;  the  special  feature  being  the  support  of  the  cast-iron  water  jack- 
ets which  are  held  in  place  by  a  jack-screw  arrangement  permitting  the 
easy  removal  of  each  jacket  without  disturbing  its  neighbor.  The 
analysis  of  ore  treated  from  the  Maestries  Mine  is 


FcO, 
MnO, 


Ag, 


38  tc 
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Type  slag  produced  is : 


FeO, 
CaO, 


Deficiency  of  ore  in  silica  supplied  by  adding  sand.  Furnace  capa- 
city, Sq  to  90  tons  per  34  hours. 

Silver.  Lixiviation. — Advance  sheets  of  Transactions  0/  the  Ameri- 
can Institute  0/ Mining  Engineers  iot  June,  189a. 

The  Marsac  Refinery,  Park  City,  Utah,  by  C.  A.  Stetefeldt.  This 
paper  covers  the  present  practice  of  the  Marsac  refinery,  giving  the  de- 
scription of  the  plant  and  the  method  of  operation.  The  precipitates 
produced  are: 

1.  Base  Sulphides,  obtained  in  precipitating  the  silver  bearing  wash 
water   by   sodium  sulphide,  containing  when  dry  aioo  10  5200  ounces 
of  silver,  and  1.6  io  3.9  ounces  of  gold  per  ton,  with  a. 6  to  5.2  per  cent.    < 
of  copper  and  38  to  45  per  cent,  of  lead. 

2.  Carbonates,  obtained  in  precipitating  the  hyposulphite  solution  by 
Solvay  soda,  containing  when  dry  600  to  1,400  ounces  of  silver  and  0,6 
to  1.9  ounces  of  gold  per  ton,  with  23  to  48  per  cent,  of  lead, 

3.  So-called^' Regular^'  Sulphides,  obtained  by  precipitating  the  hypo- 
sulphite solution  with  sodium  sulphide  (after  precipitating  by  Solvay 
soda),  containing  when  dry  11,200  m  ia,ooo  ounces  of  silver  and  11. 1 
10  12. 1  ounces  of  gold  per  ton,  with  28  to  38  per  cent,  of  copper  and 
from  trace  to  1  per  cent,  of  lead.  About  85  per  cent,  of  the  total  silver 
produced  by  the  mill  is  concentrated  in  the  regular  sulphides. 

The  description  of  the  plant  includes  matting  furnace,  pulverizer, 
muffle  furna;e,  Roessler  converter,  dissolving  tanks,  filter  tanks,  crys- 
tallizing vats,  wash  water  tank,  Koerting  pumps,  tanks  for  precipitating 
cement  copper,  cake  press,  drier  for  silver  cakes  and  the  building.  The 
process  is  described  under  Matting,  Pulverizing  the  Matte,  Roasting, 
Dissolving,  Filtering,  Washing  and  Pressing  the  Silver;  Crystallizing 
Blue  Stone,  Precipitation  of  Cement  Copper,  and  Labor.  Estimates 
of  costs  are  given  and  a  discussion  of  the  loss  of  silver  in  refining. 

Fuel.  Oil.. — {Journal  of  the  Franklin  Institute  Kox  October,  1891.) 
"  The  jf-'rated  Fuel  Company's  System  of  Burning  Oil  by  Compressed 
Air,  by  W.  S.  Collins.  This  article  gives  the  general  requirements  of  a 
perfect  oil  fire  as  follows  : 

1.  That  it  shall  be  capable  of  giving  the  varying  degrees  of  heat  re- 
quired in  each  line  of  work,  and  be  subject  at  all  times  to  the  instant 
control  of  the  workman. 

2.  That  it  shall  produce  complete  combustion  leaving  no  smoke  or 
smell. 

3.  That  it  shall  be  entirely  free  from  sulphur  or  other  impurities. 

4.  That  it  shall  be  capable  of  being  made  a  more  or  less  oxydizing  flame. 

5.  That  it  shall  be  as  safe  if  not  safer  than  a  coal  or  wood  fire. 

6.  That  it  shall  be  at  least  as  cheap  in  cost  of  fuel  as  coal  or  wood. 
The  experiments  which  have  been  made  to  obtain  these  results  may 

be  divided  into  three  general  classes : 
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I.  A  retort  or  system  of  retorts  is  employed  to  convert  the  oil  into 
gas  before  it  is  burned.  The  objection  raised  to  this  plan  is  in  nearly 
every  case  the  use  of  more  or  less  complicated  apparatus  necessitating 
a  special  arrangement  of  the  fire  box  which  unfits  it  for  service  in  the 
event  of  the  stoppage  of  the  gas  generating  device, 

3.  This  class  uses  steam  or  steam  and  air  to  atomize  the  oil.  The 
objection  to  every  steam  jet  burner  is  that  it  cannot  be  successfully  used 
in  all  kinds  of  work,  as  it  is  dif&cult  to  get  the  highest  degree  of  heat 
when  steam  is  mixed  with  oil,  and  the  heat  from  a  steam  jet  burner  can 
not  be  perfectly  regulared  nor  made  subject  to  instant  control. 

3.  This  class  relies  upon  air  alone  to  atomize  the  o'l,  accomplished 
in  two  ways.  One  by  spraying  the  oil,  which  is  allowed  to  run  on  the 
tines  of  a  fork  in  the  burner  by  means  of  air  under  six  or  eight  ounces 
pressure  from  a  fan  blower.     Chief  objections  against  this  system  are 

a.  Tliat  it  necessitates  a  gravity  system  for  the  flow  of  the  oil, 

b.  That  it  requires  more  power  to  run  a  fan  than  a  compressor  to 
spray  the  same  amount. 

'  e.  That  a  fan  blast  burner  consumes  nearly  one-third  more  oil  for  a 
given  amount  of  work  than  the  compressed  air  burners. 

The  other  air  spraying  system  is  to  subject  the  oil  to  sufficient  pressure 
to  lift  it  from  the  storage  tank  placed  below  the  point  of  combustion  to 
the  top  of  the  burners  where  it  is  met  by  air  under  the  same  pressure 
and  driven  into  the  fire  through  an  orifice  from  one  thirty-second  to 
five-eighths  of  an  inch  diameter.  This  system  is  known  as  the  com- 
pressed air  system. 

The_balance  of  the  article  is  devoted  to  a  detailed  description  of  the 
plant  necessary  for  this  system,  giving  separate  illustrations  of  blower, 
exterior  and  interior  view  of  burners,  pump  and  tank.  The  system  is 
now  used  in  over  two  hundred  plants  in  this  country,  doing  about  fifty 
different  kinds  of  work. 

Copper.  Practical  Notes  on  the  Electrolytic  Refining  of 
Copper. — Eng.  and  Min.  fourn.  (Aug.  1892)  gives  abstract  of  paper 
read  before  the  Chicago  meeting  of  the  American  Institute  of  Electrical 
Engineers  by  F.  B.  Badt. 

From  the  census  report  the  production  of  copper  in  the  United  States 
for  1889,  was  79,847  tons  of  2000  pounds;  of  this  amount  it  has  been 
estimated  that  25,000  tons  have  been  refined  by  electrolytic  processes. 

There  are  fonr  different  processes  in  vogue,  viz.:  Multiple,  Smith's, 
Hayden's  and  Stalman's,  all  using  black  copper  as  the  anode,  the  elec- 
trolyte being  sulphate  of  copper.  The  essence  of  these  processes  are  as 
follows: 

Multiple,  anodes  of  black  copper  and  cathodes  of  pure  copper  of  each 
cell  are  arranged  alternately  m  a  row  but  •  onnected  in  multiple; 
generally  one  more  cathode  than  anode,  the  electrodes  are  suspended 
vertically  in  lead  lined  wooden  vats,  and  the  vats  are  either  in  series- 
multiple,  or  multiple  series;  the  best  arrangement  being  single  series. 

SmilH's,  no  cathodes,  anodes  of  black  copper,  arranged  horizontally, 
and  the  current  causes  the  solution  of  copper  from  the  inner  side  of  each 
plate  and  a  deposition  of  it  on  the  upper  side  of  the  plate  below,  A 
cotton  cloth  screen  is  placed  between  each  plate  to  intercept  impurities  or 
foreign  matter  as  gold  and  silver ;  the  anodes  and  the  vats  are  all  in  series, 
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IfayileiCs,  differs  from  Smith's  only  in  the  fact  that  the  plales  of  black 
copperarearranged  vertically  instead  of  horizontally,  and  have  no  screens 
between  them. 

Stalmanri s,  anodes  of  black  copper  and  cathodes  of  pure  copper  are 
arranged  in  ordinary  series,  but  each  pair  of  anodes  and  cathodes  ex- 
cept the  initial  and  terminal  ones,  is  riveted  together  to  form  a  solid 
block  wiihout  any  electrolyte  between. 

A  table  is  given  stating  the  name  and  the  location  of  the  works  using 
the  electrolytic  process,  the  style  of  generator,  number  of  vals,  arrange- 
ment of  vats  and  estimated  capacity  in  electrolytic  copper  per  month. 
Approximate  cost  of  a  refinery  with  capacity  of  1,000,000  pounds  per 
month,  includmg  <8o,ooo  worth  of  copper  under  treatment  and  a  ^20,- 
000  steam  plant  is  ^213,000. 

Lead.  H.  O.  Hofman  in  Etg.  and  Mm.  Journ.  for  Sept.  3,  1892, 
gives  the  calculation  of  charge  for  the  lead  blast-furnace,  the  typical 
slag  being  known  and  the  analyses  of  ores,  flux  and  fuel.  The  method 
in  use  resembles  Murray's,*  and  elaborated  by  Newhouse.f  In  the  issue 
of  Sept.  17,  189a,  page  270,  is  a  table  of  analyses  of  materials  used, 
with  the  respective  co-efficients  of  bases  and  acids.  This  table  was  in- 
advertently omitted  from  the  earlier  article  and  clears  up  some  points  in 
the  original  article  that  appear  obscure. 

PvROMETERy. — (^Journal  of  the  Iron  and  Sled  Institute,  vol.  1., 
1892.)—"  On  Platinum  Pyrometers"  by  H.  L.  Callendar,  M.A. 

In  the  original  Siemens  Electric  Pyrometer  the  coil  of  platinum  wire 
is  wound  on  a  clay  cylinder  and  packed  in  an  iron  tube  five  to  eight 
feet  long  and  an  inch  or  iwo  in  diameter. 

Upon  examining  one  of  these  pyrometers  which  had  been  used  at 
temperatures  never  above  900°  C,  or  1600°  F.,  its  resistance  had  increased 
some  15  per  cent,  corresponding  to  an  error  of  100°  F.  in  the  temper- 
ature measurements.  When  the  instrument  was  taken  apart  it  was 
found  that  the  wire  was  quite  rotten  and  brittle  in  some  places  and 
sticking  to  the  clay  cylinder.  The  modern  improvement  in  this  style 
of  pyrometer  has  been  in  the  winding  of  the  platinum  coil  upon  sheets 
of  mica,  which  at  1 200°  C.  has  no  action  whatever  on  the  wire.  Other 
improvements  are  the  substiiution  of  gla-ss  or  porcelain  tubes  for  the 
iron  tube,  and  in  the  uses  of  platinum  leads  in  high  temperature  work. 
These  leads  are  fused  (not  soldered)  on  to  the  fine  wire  of  the  coil.  In 
the  measurement  of  the  resistance  of  these  pyrometers  the  differential 
galvanometer  method  has  been  employed,  using  a  resistance  box  read- 
ing to  J*])-  ohm,  corresponding  to  about  3°  F.,  and  a  table  is  issued  giving 
the  resistance  for  every  20°  F.  The  disadvantages  of  this  method  are 
that  the  readings  are  discontinuous,  and  it  is  necessary  to  refer  to  the 
table  and  do  an  interpolation  sum  to  find  the  temperature. 

For  modern  use  of  this  style  pyrometer  the  Wheaistone  bridge  method 
is  far  superior  to  the  differential  galvanometer.  The  advantages 
claimed  are 
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I.  Superior  accuracy, 

3.  Continuous  readings,  and 

3.  The  divisions  of  the  wire  can  be  made  to  correspond  directly  to 

degrees  of  temperature. 

Great  efficiency  is  claimed  for  this  instrument  and  while  indicating 
temperatures  as  high  as  iooa°  C,  a  change  of  ^  of  a  degree  is  plainly 
shown  by  the  galvanometer. 

In  the  appendix  to  this  volume  is  given  a  description  pf  the  New  Op- 
tical Pyrometer  of  Cornu  and  le  Chatelier,  by  B.  H.  Thwait.  This  pyro- 
meter is  composed  of  a  photometer,  consisting  essentially  of  a  telescope 
associated  structurally  with  a  standard  of  comparison  oil  light  lamp. 
The  flame  image  of  this  lamp  is  projected  upon  a  mirror  fixed  at  an 
angle  of  45°  and  placed  internally  across  the  junction  of  the  tube 
branch  of  the  lamp  with  that  for  sighting  the  incandescent  object  to  be 
tested.  The  intensity  of  the  luminous  beam  projected  from  the  oil 
lamp  flame  and  that  issuing  from  the  furnace  or  other  heated  or  incan- 
descent object  whose  temperature  is  required  to  be  determined,  is  equal- 
ized and  the  degree  of  adjustment  required  to  effect  this  equalization 
enables  the  temperature  to  be  determined. 

By  means  of  this  instrument  M.  le  Chatelier  gives  the  following  im- 
portant temperatures: 

Basic  Bessemer  Converter  {Roberts) . 

Period  of  blow, 1330° 

End  of  blow, 1580" 

Six- Ton  Converter, 

Balh  of  slag 1 580° 

Metal  in  ladle 1640° 

Melal  in  ingol  mould 1580* 

Ingol  in  re-healing  furnace, 1100° 

Ingot  under  hammer 1080° 

Opeit-heartk  Furnace  {Siemens)  Semi-mild  Steel. 

Fuel-gas  near  generator, 710° 

"      entering  into  bollom  of  recuperating  chamber,  ,         .  400* 

''        issuing  rrom  recuperating  chamber 1300° 

Air  issuing  from  recuperating  chamber 1000° 

Chimney-ga-ses,  furnace  in  perfect  condition,    .        .         .        ,  300° 

End  of  melting  of  pig-charge, 14*0" 

Compldion  of  conversion 150c'' 

Molten  steel,  in  ladle,  St  beginning  of  casting.          .                 .  1580° 

'•            ■■             end  of  casting 1490° 

in  moulds 15*0° 

For  very  mild  steel  the  temperatures  are  higher  by  50°  C,  The  bath 
of  steel  in  the  centra!  part  of  the  furnace  is  of  a  higher  tetnperature  than 
toward  the  ports, 

Deimi  Cent. 

Siemens  crucible  or  pol  furnace,      .' 1600° 

Rotary  puddling  furnace, 1340  to   1230° 

Puddled  ball  at  end  of  operation 133a" 
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Slast-Fifntace  {Gray  Bessemer  Pig). 

DcsKH  Cenl. 
Opening  [n  face  of  luyere, 1930° 

Mollen  metal,  commencemeni  of  fusion, 1400° 

"  end,  or  prior  to  tapping IS70° 

Hoffman's  red  brick  kilns, iioo" 

Refractory  MAXERtALS. — {American  Matiu/.,  for  Nov.  11,  1892). — 
F.W.  Luhrman  in  his  article  on  "  Refractory  Bricks  for  Blast  Furnaces '-' 
states  that  the  causes  of  wear  of  a  furnace  brick  are : 

1.  Friction  from  descent  of  charge. 

2.  Action  of  gases  as  cyanogen  and  cyanides. 

3.  Action  of  chlorides  proceeding  from  the  coke, 

4.  The  carbon  of  the  decomposed  carbonic  oxide  which  is  precipitated 
over  the  iron  of  the  bricks  causes  them  to  splinter. 

Summ.irizing  the  discussion  of  these  distinctive  causes  we  have: 
I.  The  abrasion  by  descent  of  charge  is  very  little  at  the  present  time, 
owing  to  the  perfection  of  the  modern  manufactured  brick.     So  this 
course  of  deterioration  is  reduced  to  nearly  nothing. 

4.  The  cyanogen  in  blast-furnace  gases  and  its  combination  with 
alkaline  metals,  alkalies  and  perhaps  with  volatile  metals,  is  sufficient  to 
cause  rapid  corrosion  of  the  furnace  above  the  fusion  zone.  It  is  not 
known  whether  cyanogen  at  the  high  temperature  carries  off  the  alka- 
lies contained  in  the  bricks  and  destroys  them,  or  whether  it  combines 
first  with  the  alkalies  of  the  charges  and  attacks  the  masonry  in  the  farm 
of  cyanides.  In  any  case  these  salts  are  found  in  large  quantities  in  the 
water  which  coots  the  walls,  and  sometimes  they  pass  through  the  joints 
of  the  masonry  and  fall  in  drops. 

3.  In  coal  mines  saline  sources  are  often  found ;  the  water,  the  coal, 
and  especially  the  endorsing  strata,  very  often  contain  chloride  of 
sodium.  This  salt  is  volatilized  in  part  and  comes  in  contact  with  re- 
fractory bricks  heated  to  a  white  heat  by  the  combustion  of  the  gases. 
The  silicic  acid  decomposes  it  into  sodium  and  chlorine,  and  the  former 
combines  with  the  silica  and  alumina  of  the  bricks,  producing  a  fusible 
slag.     The  chlorine  also  attacks  the  walls. 

A  brick  from  a  furnace  where  these  experiments  were  made  gave 
7.17  per  cent,  of  soda.  It  is  evident  that  in  recuperating  coke  furnaces 
where  the  gaseous  products  are  washed  in  condensers,  the  volatilized 
salts  can  no  longer  be  injurious.  A  part  of  the  chloride  of  sodium 
always  remains  in  the  coke,  and  in  blast-furnaces  corrosion  is  carried  on 
from  the  volatilized  salt.  This  corrosion  of  refractory  material  by  salts 
is  taken  into  account  in  glazing  earthenware  or  fayence.  Salt  is  thrown 
into  the  furnace  where  the  articles  are  heated  and  combines  with  the  silica, 
forming  a  fusible  slag,  which,  spreading  over  the  surface,  produces  a  ginze. 

4.  The  best  refractory  clays  very  often  contain  pyrites,  which  is  re- 
duced by  the  action  of  the  gases  of  the  furnace.  The  carbonic  oxide  in 
the  presence  of  iron  is  decomposed  into  carbonic  anhydride  and  carbon. 
This  free  carbon  is  precipitated  upon  the  metallic  grain  and  accumulates 
there,  forming  a  covering  and  eating  into  the  bricks.  No  refractory  sub- 
stance can  resist  !he  destructive  influence  caused  by  the  carbon  which  accu- 
mulates more  and  more.  The  bricks  become  eaten  away,  breakoff  in  splin- 
ters and  are  at  length  completely  destroyed.  To  avoid  this  cause  of  dete- 
rioratioa  carbon  bricks  are  now  used  in  place  of  the  refractory  clay  ones. 
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BOOK  REVIEWS. 

BLowptPE  Ahai.vsis.  By  J.  I^ndauer,  Iranslaled  by  James  Taylor.  Second  ed.  re- 
vised and  enlarged.  Small  itvo.,  173  pp.,  tl.to,  Macmilian  &  Co.,  London 
and  New  York. 

This  edition  ofLandauer's  work  like  the  first  is  accurately  and  con- 
cisely written.  It  comprises  the  ordinary  details  of  apparatus,  manipula- 
tion, behavior  of  metals  and  oxides,  -Bunsen's  flame  reactions  and 
special  examinations  of  certain  compounds.  Many  convenient  tables 
and  a  systematic  course  of  examination  are  given. 

In  the  opinion  of  the  writer  the  work  may  be  criticized  for  its  failure 
to  bring  into  prominence  from  the  general  mass  those  striking  and 
unmistakable  tests  which  may  be  applied  lo  any  ordinary  compound 
and  to  which  the  other  tests  are  simply  confirmatory  or  often,  except 
on  pure  oxide  or  element,  quite  unobtainable.  There  is  to  be  noted  also 
some  important  omissions,  for  instance,  the  violet  or  rose  color  obtained 
by  action  of  concentrated  sulphuric  acid  on  tellurium  compounds,  either 
by  dropping  the  latter  into  the  boiling  compound  or  by  obtaining  a  sub- 
limate on  porcelain  and  moistening  with  the  acid. 

The  tests  Irom  hydriodic  acid  or  its  equivalent  are  briefly  described, 
but  not  recommended  for  mixtures.  In  the  work  at  the  School  of 
Mines  we  find  them  of  great  importance.  The  same  may  be  said  of  the 
use  of  plaster  or  gypsum  tablets  which  we  have  found  not  only  to  sup- 
plement charcoal,  but  for  many  tests,  especially  with  As,  Sb,  Pb,  Bi, 
Hg,  10  replace  it  as  neater  and  more  satisfactory. 

The  book  is  neatly  and  clearly  printed.  A.  J.  M. 


Manual  of  Qlfalitatlvf,  Blowpipe  Analysis 

By  F.  M.  Endlich,  S.N.U,       lar^   8vo.,   X' 
Scientilic  Publishing  Co.,  1S92. 

This  work  is  the  equivalent  of  the  qualitative  portion  of  Plattner's 
blowpipe  analysis,  brought  to  date  and  supplemented  by  numerous  tabu- 
lations of  the  tests  and  several  general  and  special  schemes  for  system- 
atic examination.  In  addition  to  this,  one  hundred  and  forty-seven 
pages  are  devoted  to  mineral  tables,  classified  bv  lustre,  malleabitiiy 
and  hardness,  with  groups  in  each  division  according  to  (usually)  some 
test  with  the  blowpipe.  Each  group  table  records  prominent  tests  and 
characters. 

To  facilitate  the  determination  of  species  names,  after  determination 
of  the  composition  by  the  blowpipe,  Mr.  Endlich  devotes  twelve  pages 
to  a  tabulation  of  minerals  by  their  component  elements.  The  hori- 
zontal columns  are  the  basic  elements,  the  vertical  are  oxides,  sulphides, 
sulpharsenites,  etc.  When  the  composition  Pb,  Cu,  Sb,  S,  for  insta^-ce, 
has  been  determined  the  horizontal  column  Lead  and  the  vertical  column 
Sulph-antimonids  intersect  in  a  square  containing  a  number  of  names, 
of  which  only  one,  bournonite,  is  marked  f  +  Cu). 

In  new  tests  may  be  noted  the  use  of  a  mixture  of  KHSO,  and  KNO, 
lo  produce  strongly-colured  sulphates  of  certain  bases  (Co,  Ni,  Cu,  V, 
Di)  and  after  solution  of  the  fused  mass  to  develop  by  heating  with  zinc 


b/Goot^lc 


BOOK  REVIEWS,  8i 

and  H30,  the  characteristic  reduction  color  tests  of  Mo,  W,  Ti, 
V,  Cb. 

The  general  accuracy  and  thoroughness  o{  the  book  is  not  ques- 
tioned. For  class  work  in  mineralogy  the  chief  objection  is  that  the 
time  allotted  to  mineralogy  even  in  a  professional  course  such  as  chem- 
istry or  mining  engineering  is  not  apt  to  be  sutHcient  to  enable  the 
student  to  do  justice  to  the  regular  course  outlined  in  the  introduction 
and  to  also  acquire  a  due  degree  of  "sight  knowledge,"  or  power  to 
recognize  without  testing,  which  is  even  more  useful  than  great  skill  in 
determi  nation. 

The  book  would  be  improved  by  entering  in  the  table  of  contents 
the  positions  of  the  XXVII.  divisions  so  constantly  referred  to  and  by 
numbering  the  tables  pp.  384-95  '"  accordance  with  their  description 
p.  285.    A  mineral  index  should  also  be  added.  A.  J.  M. 

A  Manual  op  Peactical  Medical  and  Physiological  Chemisthy.    By  Charles 
E.  Pellew,  E.M.     Illustrated.     D.  Appleton  S:  Co.,  New  York,  1S93. 

The  work  of  Mr.  Pellew  is  a  new  departure  in  the  method  of  chemi- 
cal instruction  of  medical  students.  The  plan  followed  is  similar  to 
that  of  the  legion  of  works  on  Practical  Elementary  Chemistry,  so  de- 
servedly popular  at  the  present  day,  but  various  new  and  ingenious 
ideas  are  introduced  in  the  work.  It  is  very  difficult  to  know  just  how 
far  to  go  and  how  much  ground  to  cover  in  a  subject  of  such  broad 
dimensions,  but  so  far  the  author  appears  to  have  happily  chosen  a 
middle  course.  The  work  is  neither  too  trivial  nor  too  abstruse,  but 
seems  to  suit  the  purpose  thoroughly.  As  a  pioneer  in  the  field,  it  de- 
serves commendation  and  shows  care  and  appreciation  of  the  subject  in 
its  preparation.  A  brief  review  shows  that  the  subject  is  treated  under 
ten  heads,  as  follows : 

r.  The  Carbohydrates. 

J.  The  Fats  and  Fixed  Oils. 

3.  The  Protcids  or  Albuminous  Bodies. 

4.  Inorganic  Constituents. 

5.  Water  Analysis. 

6.  Animal  Tissues  and  Secretions. 

7.  The  Digestion. 

8.  The  Urine. 

9.  Microscopic  Examination  of  the  Urine. 
10.  Appendix,  Tables  and  List  of  Apparatus. 

.  Under  each  head  we  have  a  brief  introduction,  containing  the  defi- 
nition, occurrence,  composition,  general  properties  and  ihe  classification 
of  each  group.  This  is  followed  by  discussion  of  each  compound  and 
its  occurrence,  preparation,  composition  and  properties.  Then  follows 
a  series  of  well  selected  laboratory  experiments,  including  the  prepara- 
tion and  testing  of  the  compounds  treated  in  the  previous  chapters. 
These  tests  are  generally  both  chemical  and  microscopical.  An  exam- 
ple of  the  work  done  is  the  prepai'ation  of  starch  and  cellulose  from  the 
potato,  conversion  of  starch  into  Dextrin,  Maltose  and  Glucose,  by  dry 
heat,  by  boiling  with  acid,  by  diastase  and  by  saliva.  Examinations  of 
starch  under  the  microscope  and  the  various  approved  chemical  methods 
for  the  detection  of  glucose. 
vou  XIV.— < 
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Under  the  head  of  Cane  Sugar,  we  find  fermentation,  examination 
for  yeast  and  distillation  and  tests  for  alcohol. 

The  chapter  on  Oils  and  Fats  is  brief  but  suflicient  to  give  an  idea  of 
principles  and  practice  of  saponification  and  the  tests  on  butter,  cod- 
liver  oil,  etc. 

I'he  chapter  on  the  Proteids  is  full  and  complete,  far  more  so  than  in 
other  works  on  this  branch  of  chemistry.  The  same  applies  to  the  fol- 
lowing chapter,  especially  those  on  Water  Analysis,  Milk  and  Urine. 

The  work  is  especially  to  be  commended  for  the  clear  and  concise 
statement  of  tests  and  experiments  as  well  as  the  ingenuity  shown  in  the 
construction  of  simple  and  cheap  forms  of  apparatus. 

The  illustrations  are  good  and  sufficient  in  number  to  explain  the 
text. 

On  the  whole,  the  author  is  to  be  congratulated  in  having  written  a 
book  which  puts  before  the  student  in  a  new  and  interesting  manner  the 
chemistry  of  phjrsiology  and  in  having  inaugurated  a  change  in  the 
chemical  instruction  so  long  given  to  medical  students.  The  change 
cannot  be  other  than  beneficial.  H.  T.  V. 

Thr  Stsam   Engine.     By  Daniel   K.  Claik.     Bkckie  and  Son,  Limited.  Loadon, 
England,  and  New  York. 

Mr.  D.  K.  Clark,  the  author  of  this  exhaustive  treatise,  needs  little 
introduction  to  technical  readers.  His  previous  publications  and  his 
long  practice  give  great  value  to  his  selection  of  matters  relating  to  the 
steam  engine,  from  the  volume  of  such  practice  which  is  accessible  in 
these  days.  This,  his  latest  work,  is  characterized  by  that  same  thor- 
oughness which  is  so  satisfactory  a  feature  in  his  other  work,  and  is  di- 
vided into  four  main  sections.  The  first  two  he  calls  respectively  "The 
Principles  and  Performance  of  Steam  Boileis  and  Steam  Engines,"  and 
the  second  two  he  designates  by  the  terms  "Construction  of  Steam 
Boilers  and  Steam  Engines,"  so  that  it  will  be  seen  that  from  the  practi- 
cal standpoint,  the  discussion  is  intended  to  be  exhaustive. 

The  first  few  chapters  on  combustion,  fuels,  etc, ,  are  of  course  fundamen- 
tal to  the  latter  discussion,  and  are  a  review  and  revision  of  the  corres- 
ponding chapters  in  the  Manual  for  Mefhanical  Engineers,  which  is  still 
a  standard  book  of  reference  for  all  practitioners. 

The  review  of  the  distribution  of  the  furnace  heat  with  special  refer- 
ence to  the  experimental  investigations  which  have  been  made  along 
this  line,  are  particularly  interesting,  and  a  review  of  the  Johnson  ex- 
periments on  American  coals  for  the  navy  brings  again  into  accessible 
shape  material  which  to  many  of  the  present  generation  has  become 
almost  inaccessible.  It  is  but  natural  that  much  greater  space  should  be 
given  to  the  corresponding  series  of  trials  with  trans- Atlantic  coals,  but 
this  of  course  gives  particular  value  to  the  publication  where  its  primary 
use  may  be  expected.  The  chapters  covering  iifty  pages  giving  a  full 
discussion  of  the  experiments  tried  in  various  places  for  smoke  preven- 
tion are,  so  far  as  known  to  the  writer,  unique  with  respect  to  fulness 
and  completeness,  and  will  be  of  special  interest  to  those  in  the  soft  coal 
cities  struggling  for  the  abatement  of  the  smoke  nuisance. 

The  collation  in  nearly  one  hundred  pages  of  a  series  of  trials  of 
boilers  of  different  types — American  and  foreign — including  the  Isher- 
wood,  Emery  and  Loring  naval  trials,  the  American  Institute  Exhibition 
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trials  of  1871,  the  Centennial  trials  of  1876,  and  an  extensive  series 
of  trials  less  known  to  Americans,  with  boilers  of  a  wide  diversity  in 
design,  brings  together  a  mass  of  information  for  reference  which 
has  only  hitherto  been  aa''essible  to  him  who  could  command  a  large 
library. 

The  chapter  on  relative  grate  area  and  heating  surface  is  followed  by 
one  upon  mechanical  stoking  apparatus,  which  is  very  interesting  as 
bringing  together  the  various  methods  which  have  been  presented  during 
many  yeais  for  this  purpose,  but  does  not  give  the  reference  to  the  suc- 
cessful American  forms  of  this  apparatus,  which  would  seem  to  be  called 
for,  in  view  of  their  successful  operation. 

The  chapter  on  gas  firing  and  powdered  fuel  furnacen,  and  the  dis- 
cussion of  hand-firing  versus  gas-(iring,  would  have  been  more  complete 
if  there  had  been  included  a  discussion  of  the  use  of  oil,  which  is  a  sub- 
ject of  increasing  consideration  from  advanced  practitioners  in  this 
country. 

llie  first  half  volume  concludes  with  a  dbcussion  of  chimneys  and 
begins  the  treatment  of  the  work  of  steam  in  a  single  cylinder. 

The  second  half  volume  continues  the  work  of  steam  in  a  single  cyl- 
inder and  in  the  compound  engine,  discusses  expansive  working,  the 
testing  by  thermal  analysis  and  the  frictional  resistance  of  engines. 

This  is  characteristically  full  and  exhaustive,  but  the  discussions,  dia- 
granu  and  illustrative  examples,  are  very  largely  taken  from  standard 
English  practice,  which  is,  of  course,  as  respects  the  compound  engine 
confrssedly  in  advance  of  the  earlier  practice  in  this  country,  even  if  no 
longer  quite  as  much  so. 

This  volume  begins  also  Che  discussions  of  the  construction  of  steam 
boilers  from  the  standpoint  of  the  strength  of  the  elements,  riveted 
joints,  seams,  etc.,  and  is  followed  by  an  elaborate  presentation  of  the 
different  forms  of  the  boiler,  both  shell  and  sectional  as  it  appears  in 
this  and  other  countries. 

The  first  half  of  the  second  pair  of  volumes  is  taken  up  with  the  con- 
struction of  the  steam  engine,  very  copiously  illustrated  as  to  details  of 
construction  and  referring  in  very  creditable  fulness  to  a  number  of  the 
engine  details  which  America  has  contributed  to  successful  practice. 
The  Rider,  Borter,  Corliss,  l.eavitt  and  Worthington  mechanisms  are 
very  satisfactorily  exhibited..  The  special  rcqnirements  of  sail  and 
sugar  mill  engines,  blowing  and  portable  engines  receive  their  propor- 
tionate treatment. 

The  final  division  is  taken  up  with  the  locomotive  in  its  simple,  com-  - 
pound  and  tireless  forms  for  street  car  railway  service,  giving  due  refer- 
ence to  American  types,  although  of  course,  giving  naturally  a  predomi- 
nence  to  non-American  designs,  to  an  extent  which  is  very  instructive 
to  a  reader  already  familiar  with  the  prevalent  types  on  this  side  the 
water.  To  one  who  is  not  so  familiar,  and  who  seeks  to  learn  in  ad- 
vance as  to  what  he  will  meet  in  his  world  of  observation,  the  discord- 
ance between  his  reading  and  observation  would  naturally  be  something 
of  a  surprise. 

The  final  section  on  marine  steam  engines,  double,  triple  and  quad- 
ruple, single  and  double  screw,  is  very  full  and  satisfactory,  as  the  Eng- 
lish type  has  very  largely  conditioned  the  development  of  the  American 
form.     The  paddle-wheel  engine  also,  in  its  inclined  form,  is  one  with 
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which  the  trans- Atlantic  engineers  are  much  more  familiar,  and  its  dis- 
cussion in  the  book  makes  it  especially  valuable  for  that  reason. 

The  final  section  of  this  part  is  given  over  to  launch  engines  and 
certain  special  marine  gears. 

The  book  closes  with  an  addenda,  Index  and  table  of  contents ;  the 
addenda  covering  certain  points  naturally  attaching  themselves  to  vari- 
ous points  in  the  book. 

As  a  record  of  the  state  of  the  art  in  boiler  and  engine  construction 
and  performance,  at  the  present  time,  the  book  is  of  great  value,  and  is 
one  of  those  monumental  productions  of  immense  labor,  which  for  that 
reason  is  exceedingly  noteworthy.  To  the  engineer  and  expert  familiar 
with  American  methods,  it  is  of  signal  usefulness,  as  bringing  to  his 
notice  in  compact  form  illustrations  of  successful  practice,  more  or  less 
out  of  his  usual  track.  The  young  student  needs  to  be  cautioned  in  its 
perusal,  lest  for  this  very  reason,  he  forms  impressions  which  his  later 
practice  and  observation  would  be  compelled  to  overthrow.  As  a 
repertorium  in  certain  special  lines,  it  is  invaluable  and  indispensable 

F.    R.    HUTTON. 
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The  Death  of  Prof,  Trowbridge. 

A  special  meeting  of  the  Alumni  Association  of  the  School  of  Mines 
was  called,  under  the  constitution,  for  the  evening  of  November  11, 
1S92,  at  No.  12  West  31st  Street, 

As  stated  in  the  call,  this  meeting  Was  for  the  purpose  of  taking  action 
by  the  association  upon  the  death  of  Prof.  Trowbridge,  and  of  con- 
sidering what  steps,  if  any,  should  be  taken  in  reference  to  the  creation 
of  some  permanent  memorial,  by  which  his  memory  could  be  kept  con- 
stantly before  the  minds  of  students  in  the  School  of  Mines. 

The  chairman  announced  the  object  of  the  meeting,  whereupon  the 
following  memorial  minute  was  read  by  Mr.  A.  W.  Hale,  the  senior 
graduate  present : 

The  members  of  the  Alumni  Association  of  the  School  of  Mines,  of 
Columbia  College,  convened  in  special  session,  have  learned  with  sin- 
cere sorrow  of  the  death  on  August  12,  1892,  of  Prof.  William  P. 
Trowbridge,  who  had  occupied  the  chair  of  engineering  from  1877 
until  his  death,  and  was  an  honorary  member  of  this  association.  They 
desire  to  place  upon  their  records  a  memorial  minute,  in  which  they 
may  endeavor  to  express  something  of  the  affection  and  esteem  in  which 
they  have  held  their  former  instructor,  and  of  their  sense  of  loss  in  his 
removal  by  death. 

As  an  engineer  he  was  a  man  of  notable  breadth  and  variety  of  ex- 
perience, and  of  wide  reputation.  As  the  first  to  propose.the  cantilever 
system  for  long  spans ;  as  a  servant  of  his  Slate  on  important  commis- 
sions; as  a  consulting  expert  in  many  wide  issues,  he  has  commanded 
universal  respect  and  consideration. 

As  an  instructor  he  always  commanded  the  affectionate  enthusiasm 
of  his  classes  from  his  intimate  and  thorough  acquaintance  with  the 
topics  of  his  specialties,  and  his  firm  grasp  of  the  fundamental  principles 
underlying  successful  practice.  His  aim  was  to  make  first,  engineers, 
and  afterwards  to  train  the  specialist.  But  it  is  for  the  man  and  the 
friend  that  his  old  students  most  desire  to  record  their  warmth  of  de- 
voted feeling.  Ever  unselfish  and  devoid  of  self-interest ;  always 
genial  and  affectionate,  yet  never  undignified,  "  his  boys"  were  always 
sure  of  interested  friendship  for  them  from  him  whose  character  they 
had  learned  to  admire  and  to  love. 

The  School  of  Mines,  the  engineering  department  and  the  wide  circle 
of  former  students,  all  are  the  poorer  for  the  loss  they  have  sustained, 
and  the  alumni  beg  to  unite  in  expressing  their  sympathy  for  those  to 
whom  his  removal  brings  the  keenest  pang. 

Resolved,  That  this  memorial  minute  be  spread  in  full  upon  the  rec- 
ords of  the  association. 

Resolved,  That  the  secretary  of  the  association  be  requested  to  trans- 
mit a  copy  of  this  action  to  the  family  of  Prof.  Trowbridge  with  their 
sincere  sym5Hthy. 
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These  resolutions  were  passed  with  a  rising  vote,  as  the  imanimnus 
action  of  the  entire  body  present. 

The  secretary  read  a  number  of  kiteis  from  uluniuj  tinable  to  be  pres- 
ent, expressing  their  full  sympathy  with  the  idea  of  a  permanent  memo- 
rial, and  making  suggestions  as  to  the  shape  which  such  memorial 
should  take.  Among  the  proposals  were:  a  monument  at  the  grave 
in  New  Haven,  a  tablet  or  bust  in  a  suitable  place  in  the  new  col- 
lege building,  an  oil  painting  in  the  library,  or  an  invested  fund,  the 
income  of  which  to  be  used  either  to  award  yearly  a  prize  in  the  engi- 
neering department,  to  furnish  a  scholarship  for  deserving  students  in 
the  school,  or  for  the  purchase  of  books  on  engineering,  to  be  kept  in  a 
designated  alcove  in  the  library,  or  to  suf^xm  a  fellow,  to  be  known  as 
the  "  Trowbridge  Fellow,"  who  should  devote  himself  to  advanced  re- 
searches in  engineering. 

The  discussion  of  the  subject  was  very  general,  and  the  objections  to  the 
plan  of  a  prize  for  under-gradualcs  and  of  a  scholarship  for  an  under-grad- 
uate  were  referred  to.  As  the  result  of  the  discussion  the  following  reso- 
lution was  proposed  by  Mr,  A.  L.  Beel)e,  and  passed  in  its  amended  fo'm: 
■  Resolved,  'ITiat  a  committee  be  appointed  by  the  chair  to  ascertain 
the  amount  which  can  be  secured  from  the  alumni  of  ihe  school  and 
from  others  who  have  been  connected  with  it,  with  authority  to  collect 
such  subscriptions  when  they  come  due,  said  money  to  be  devoted  to 
the  establishment  of  a  fellowship  in  the  school,  for  a  graduate  in  engi- 
neering, amounting  to  the  income  of  }io,ooo,  and  to  be  known  as  the 
'Trowbridge  Fellowship.' 

The  detail  as  to  the  disposition  of  this  money  shall  be  delermincd  at 
a  subsequent  meeting  of  this  association,  at  which  the  said  committee 
shall  report." 

At  the  close  of  the  discussion  on  this  resolution  and  its  final  pas<^ge, 
the  association  adjourned. 

The  committee  under  the  above  resolution  is  appointed  by  the  chair- 
man. Prof.  Elwyn  Waller,  is  as  follows : 

Executive  Commiilee  on  Trowbridge  Memorial:  H.  S.  Munroe,  '69; 
Chas,  M,  Rolker,  '75  ;  W.  B.  Kunhardt,  '80;  W.  F.  Morgan,  '84;  D. 
L.  Dresser,  '89. 

General  Committee :  John  A.  Church,  '67  ;  Wm.  Pistor,  '68 ;  Elwyn 
Waller,  '70;  P.  de  P.  Ricketts,' 71 ;  F.  R.  Hutton,  '76;  Wm.  E.  Hil- 
dreth,  '77;  B.  B.  Lawrence,  '78;  H.  Hollerith,  '79  ;  A.  L.  Colby,  '8r; 
W,  F.  Downs,  '82;  Robert  Peele,  '83;  C.  F.  Lacombe,  '85  ;  John  H. 
Janeway,'86;  George  Rowland,  '87;  G.  J.  Volckening,  Jr.,  '88;  E. 
M.  Blake,  '90;  George  Leary,  '91  ;  Robt.  D.  White,  '92. 

The  following  is  appended  as  a  type  of  many  similar  resolutions  show- 
ing the  hearty  love  of  the  graduates  for  the  late  professor: 

"At  a  s|)ecial  meeting  of  the  Executive  Committee  of  the  class  of '87, 
School  of  Mines,  Columbia  College,  held  Thursday,  September  29,  1893, 
the  following  resolutions  were  adopted: 

Whereas,  In  the  death  of  Prof.  William  Petit  Trowbridge,  our  friend 
and  former  preceptor,  we,  the  members  of  the  class  of  '87,  School  of 
Mines,  Columbia  College,  have  sustained  a  deep  personal  loss. 

Resolved,  That  we  hereby  express  our  appreciation  of  his  marked 
ability  and  sterling  character,  and  extend  to  his  family  our  heartfelt 
sympathy  in  their  bereavement. 
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Resolved,  That  these  resolutions  be  engrossed  upon  the  records  of  the 
class,  and  inserted  in  the  journals  of  the  university. 

Resolved,  That  a  copy  of  these  resolutions  be  sent  to  the  family  of 
the  deceased. 

Committee:  A,  L,  Bums,  George  Rowland,  W.  C,  A,  Ferguson,  S. 
£dson  Gage,  Harry  P.  Nichols. 

Encineerino  Department. 

The  death  on  August  12,  1892,  of  Prof.  W.  P.  Trowbridge,  professor 
oT  engineeriag  in  the  School  of  Mines,  made  necessary  some  provision 
for  the  conduct  of  the  work  of  the  departmeut  at  the  opening  of  the 
school  year. 

The  president  of  the  college  requested  Prof.  Hutton,  the  senior  in 
the  department,  to  assume  charge  as  its  head  dd  interim  and  to  provide 
by  distribution  for  a  temporary  assignment  of  duty,  so  that  there  might 
be  no  interruption  of  the  departmental  work.  The  emergency  was  met 
by  assigning  to  Adjunct  Prof.  Greenleaf  the  instruction  in  Stoney  and 
in  water  supply  and  river  and  harbor  engineering,  which  Prof.  Trowbridge 
had  had  heretofore,  while  he  himself  assumed  the  responsibility  for  the 
courses  in  thermodynamics,  dynamics  ot  engineering,  motors,  etc.  Mr. 
A.  E.  Foyfi,  tutor  in  civil  engineering,  has  relieved  Prof.  Huttoii  of  his 
popular  course  in  railroad  engineering,  and  Mr.  Hurlbm  has  taken  his 
course  in  machinery  and  millwork. 

Meanwhile,  a  committee  of  the  faculty  has  been  appointed  to  con- 
sider the  question  whether  it  may  not  be  judicious  to  advise  a  different 
organization  in  the  engineering  department  from  that  which  has  prevailed 
since  1877,  and  it  is  expected  that  this  committee  will  report  in  detail  be- 
fore very  long.  It  is  anticipated  that  their  report  will  advise  the  creation 
of  a  sep>arale  chair  of  civil  engineering,  and  will  arrange  for  the  trans- 
ference to  the  department  of  mechanics  in  the  school  of  much  of  the 
fiindamental  and  preliminary  work  which  has  hitherto  been  carried  on 
by  the  engineering  department,  thus  relieving  its  officers  for  fuller  de- 
votion to  advanced  work. 

Geological  Department. 

Several  new  features  have  been  developed  in  the  work  of  the  depart- 
ment. The  trustees  voted  in  the  spring  an  appropriation  for  summer 
work  in  geology.  This  has  been  applied  by  adding  a  week  of  geologi- 
cal field  work  to  the  Summer  School  of  Practical  Mining,  and  it  is 
the  intention  to  make  this  a  regular  feature  of  the  summer  trip.  La.st 
season  Mr.  Hollick  joined  the  class  on  Keweenaw  Point.  A  week  was 
spent  in  studying  the  geology  and  running  sections  across  the  country  in 
the  vicinity  of  the  Atlantic  Mine.  The  report  on  these  with  accom- 
panying drawings  will  furnish  a  required  portion  of  the  usual  memoir. 
A  second  expedition  for  the  collection  of  materials  for  original  investi- 
gations during  the  year,  was  made  to  Mount  Adam  and  Mount  Eve,  near 
Warwick,  Orange  County,  N.  Y.  These  two  intrusive  knobs  of  granite 
have  penetrated  limestones  and  given  some  interesting  exhibitions  of 
contact  metamorphism.  The  party  consisted  of  Prof  Kemp,  Mr,  Hol- 
lick and  Messrs.  Ries  and  Fenner,  of  the  class  of  '92.  Two  weeks 
were  spent  in  the  field  in  June.     Something  similar  will  be  again  carried 
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out  next  summer.  Mr.  HollJck  has  also  been  aided  by  the  appropria- 
tion in  preserving  his  investigations  on  the  Cretaceous  fossil  plants  of 
Long  Island,  and  some  interesting  and  important  developments  have 
been  made.  During  the  sunamer  Prof.  Kemp  has  done  the  field  work 
preparatory  to  a  description  of  the  westerly  granite  district  of  Rhode 
Island.  In  August  and  September  in  company  with  Mr,  W.  D.  Mat- 
thew, '93,  he  was  in  the  field  for  the  New  Ybrk  State  Museum,  in  the 
eastern  Adirondacks.  The  systematic  work  thus  begun  on  this  region^ 
it  is  hoped  to  continue  regularly  in  the  future. 

The  courses  of  the  departments  of  Mineralogy  and  Geology  are  now 
so  arranged  that  crystal  measurement  and  optical  mineralogy  are  taught 
in  the  former  and  preparation  thus  given  for  petrographical  work  in  the 
latter.  In  this  last  subject  Prof.  Kemp  gives  two  lectures  weekly  and 
as  much  additional  laboratory  work  as  the  student  elects.  The  work 
is  required  of  students  in  the  course  in  geology  and  is  suited  for 
advanced  degrees.  Mr.  Hollick  offers  similar  opportunities  in  [lalaeo- 
botany  and  in  like  amount.  By  arrangement  with  Professor  O.-iborn, 
of  the  department  of  biology,  Dr.  Bashford  Dean,  of  that  department, 
will  give  students  in  the  course  in  geology  two  exercises  weekly  in  ver- 
tebrate paleontology.  Dr.  Dean  also  delivers  the  lectures  in  the  regu- 
lar second  year  course  in  zoology,  which  is  now  under  the  biological 
de|Kirtment.  Some  valuable  additions  of  fossil  fish  from  Ohio  have  been 
made  to  the  collections,  and  they  are  now  in  Dr.  Dean's  hands  for  de- 
scription. A  collection  of  about  three  hundred  and  twenty-five  speci- 
mens of  igneous  rocks,  each  accompanied  by  a  thin  section,  have  been 
bought  in  Germany  the  past  year  and  added  to  the  regular  equipment. 

The  movement  was  started  last  winter  of  inviting  several  graduates  of 
the  School  of  Mines,  who  had  been  engaged  in  geological  work,  to  take 
one  of  the  regular  hours  in  general  or  economic  geology,  and  address 
the  class  and  others  who  felt  interested,  on  some  subject  on  which  the 
lecturer  had  been  specially  engaged.  The  invitation  was  intended  as  a 
recognition  of  services  to  the  science  on  the  part  of  Alma  Mater.  A 
most  interesting  lecture  was  delivered  by  Mr.  Bailey  Willis,  '78,  on  his 
experimental  researches  in  mountain-making  forces  as  illustrated  in  the 
Appalachians.  We  also  hoped  to  hear  from  Mr.  W.  P.  Jenney,  '69,  and 
Mr.  W.  H.  Weed,  '83,  but  they  were  prevented  coming.  Mr.  Weed 
promises  to  visit  us  this  year,  and  Mr.  Jenney  we  have  not  given  up. 

A  book  on  the  Ore  Deposits  of  the  United  States  by  Prof.  Kemp,  is 
announced  by  the  Scientific  Publishing  Co.  {Engineering  and  Mining 
Jouttutl')  as  being  in  press. 

Additional  floor  space  and  case  room  have  been  provided  in  the 
museum  for  the  systematic  arrangement  of  pal xo botanical  material,  a 
large  part  of  which  is  at  present  packed  away  in  store-rooms.  Much  of 
this  represents  Dr.  Newberry's  unfinished  work  on  the  recent  extinct 
flora  of  North  America,  and  the  flora  of  the  Aniboy  -clays,  which  Mr. 
Hollick  is  now  engaged  in  completing  for  publication. 

Department  of  Biolocy. 

The  following  courses  of  lectures  will  be  given  by  the  department  of 
biology,  in  room  11,  Library  Building,  on  successive  Thursday  even- 
ings, at  eight  o'clock,  beginning  November  10,  1892.    They  are  de- 
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signed  for  those  who  desire  to  keep  abreast  of  the  later  advances  in 
biolc^y  without  entering  any  of  the  technical  courses : 

"  History  of  the  Theory  of  Evolution."  By  Henry  F.  Osborn,  Sc.D., 
Da  Costa  Professor  of  Biology. — November  10,  Introduction.  Novem- 
ber 17,  Among  the  Greeks.  December  i.  The  Predecessors  of  Latnarck. 
December  3,  Lamarck.  December  15,  Darwin.  December  22,  The 
Post- Darwinian  Period. 

•'The  Cellular  Basis  of  Heredity  and  Development."  By  Edmund 
B.  Wilson,  Ph.D.,  Adjunct  Professor  of  Biology. — January  12,  Intro- 
duction ;  Cellular  Basis  of  the  Living  Body.  January  19,  The  Germ- 
cells;  Sex  and  Fertilization.  January  26,  Cell  Genesis  and  Division. 
February  2,  Egg  and  Spermatozoon  ;  the  Preparation  for  Development. 
February  9,  Physiology  of  the  Individual  Cell.  February  16,  Inter- 
cellular Dynamics  ;  Theories  of  Heredity. 

"Origin  and  Evolution  of  the  Fishes."  By  Bashford  Dean,  Ph.D., 
Instructor  in  Biology. — February  23,  The  General  Structure  of  Fishes. 
March  2,  Sharks  and  Rays — fossil  and  recent.  March  9,  The  Teleosts, 
March  16,  The  Ganoids.  March  23,  Chimaera  and  the  Lung-fishes;  the 
Newberry  collection  of  Giant  Placoderms.  March  30,  Embryology  of 
Pishes. 

"  Amphioxus  and  Other  Ancestors  of  the  Vertebrates."  By  Arthur 
Willey,  B.Sc.,  Tutor  in  Biology. — April  6,  Introduction ;  History, 
Mode  of  Live  and  DLstribution.  April  13,  General  Structure.  April 
20,  Nervous,  Vascular  and  Execretory  Systems.  April  27,  Reproduc- 
tion and  Development.  May  14,  Larval  Growth  and  Metamorphosis; 
Relationships  of  Amphioxus  to  other  Types. 

Department  of  Botany. 

In  co-operation  with  the  American  Museum  of  Natural  History,  the 
following  lectures  are  to  be  given  at  the  Museum,  Central  Park  (Seventy- 
seventh  Street  and  Eighth  Avenue),  on  Saturday  evenings,  at  eight 
o'clock.  The  first  course  will  be  on  "  The  Jesup  Collection  of  North 
American  Woods,"  and  will  be  delivered  by  N.  L.  Britton,  Ph.D., 
Professor  of  Botany,  Columbia  College. 

The  lectures  will  be  illustrated  by  lantern  projections  of  the  more  im- 
portant timber  trees,  their  foliage,  flowers,  fruit,  and  the  structure  of 
wood  : 

November  19,  The  Deciduous-leaved  Trees.  November  26,  The  De- 
ciduous-leaved Trees,  continued.  December  3,  The  Deciduous-teaved 
Trees,  concluded  ;  The  Palms.  December  10,  The  Coniferous  Trees. 

Department  of  Electrical  Engineering. 

There  are  this  year  66  students  taking  a  course  in  Electrical  Engi- 
neerinif,  against  z6  students  last  year.  In  the  first-year  class  there  are 
31  students  taking  Electrical  Engineering. 

A  course  of  lectures  on  the  applications  of  electricity  with  special 
reference  to  engineering  will  be  given  by  Prof.  Crocker  to  the  Third 
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Year  Mining  Engineering  students  during  the  second   term  of  this 
year. 

Department  of  Metallurgv. 

The  dLpartment  has  received  from  Chas.  BuUman,  of  the  class  of 
1883,  a  batea  and  two  cachos,  such  as  are  used  in  the  Republic  of  Co- 
lomliia  ill  working  gold  and  other  sands. 

From  E.  M.  Hawkes,  of  the  Class  of  1885,  a  set  of  metallurgical  blue 
prints,  which  is  to  be  one  of  a  number  to  be  loaned  to  the  students 
when  a  sufficient  number  shall  have  been  collected. 

The  dejjartnient  has  secured  a  Mp.hler's  calorimeter,  a  Le  Chatelier 
photometric  pyrometer  and  a  horizontal  grinder  and  section  cutter. 

Mr.  R,  C.  Boyd,  of  the  class  of  1891,  has  been  appointed  Fellow  in 
Meiallurgy,  with  Geology  and  Mineralogy  for  his  minor  subjects. 

Tlie  addition  of  the  Chatelier  photometric  pyrometer  to  the  col- 
lection of  pyrometers  already  in  the  possession  of  the  department,  viz., 
the  Siemens  calori  metric ;  the  Siemens  electric;  Mesur^  and  Nonels 
0{>tical ;  Chatelier's  thermo-electric,  and  Seger's  pyramids,  is  of  valua- 
ble importance,  as  their  relative  efficiencies  can  be  determined  by  the 
latest  accepted  standard  work  in  this  direction  is  now  in  progress. 

The  collection  of  metallurgical  specimens  is  being  developed  along 
lines  of  modern  and  special  practice.  The  endeavor  is,  to  cover  the 
entire  metallurgical  field  ;  but,  special  attention  is  directed  to  malleable 
iron-ca.s[ings ;  spigeleisens ;  ferro- manganese  ;  open-hearth,  crucible, 
and  cement  steels ;  copper  and  lead. 

The  department  would  be  grateful  to  any  who  would  care  to  aid  us 
in  this  work  by  sending  specimen  suites  illustrating  the  various  steps  in 
the  different  process,  or  any  specimens  showing  peculiar  working,  or 
worth)'  of  examination.  The  co-operation  of  graduates  is  earnestly 
asked. 

Department  op  Mineralogy. 

The  collection  has  lieen  greatly  improved  by  the  alteration  of  the 
large  wall- ca.ses,  formerly  filled  with  furnace  models;  these  cases  now 
contain  handsome  large  specimens — on  one  side,  quartz,  opal,  pyroxene, 
amphibole,  etc. ;  on  the  other,  minerals  of  antimony,  silver,  copper, 
lead,  gold,  etc. 

The  department  has  received  six  very  large  specimens  from  the  Cop- 
ier Queen  Mining  Company  ;  and  a  very  exceptionally  handsome  speci- 
men of  the  hair-like  Millerite  associated  with  dolomite  and  calcitc,  from 
Missouri, 

The  courses  for  advanced  work  in  optical  mineralogy  and  mathemati- 
cal crystallography,  arranged  in  conjunction  with  the  advanced  course 
in  petrography  given  by  Professor  Kemp,  have  been  further  developed. 
The  instrumental  equipment  is  now  very  line,  there  having  been  added, 
this  year,  a  third  section  cutter  for  cutting  slices  at  definite  angles  to  the 
axis ;  a  Westphal  balance  for  use  with  specific  gravity  solutions ;  another 
Beck  microscope  ;  a  small  |)hotographic  outfit,  and  a  magnificent  Du- 
boscq  lantern  with  arc-light. 
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A  large  number  of  interesting  minerals  are  being  investigated;  the 
results  of'these  investigations  will  be  published  from  time  Co  time.  The 
department  asks  the  graduates  in  the  lield  to  forward  to  the  Mineral- 
^ical  Department  any  specimens  which  appear  to  them  either  unusual 
or  exceptionally  characteristic,  or,  in  any  way  deserving  of  examination. 
The  officers  will,  as  rapidly  as  possible,  report  their  results,  without  any 
other  charge  than  the  privilege  to  retain  the  si>ecimen  in  the  School's 
collection,  and  to  ask  for  more  specimens. 
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In  ittentoriam. 

PROFESSOR  JOHN  STRONG  NEWBERRY. 
By  J.  F.  KEMP. 

The  ^cullies  of  Columbia  College  have  suffered  heavy  losses 
in  the  twelve  months  just  ended,  and  some  of  the  names  most 
honored  on  the  rolls,  appear  in  their  accustomed  places  no  longer. 
Professors  Peck,  Dwight,  Trowbridge  and  Newberry  have  followed 
one  another  in  quiclt  succession  from  the  scenes  of  instruction 
and  work,  in  which  they  so  long  and  so  honorably  formed 
conspicuous  figures.  It  remains  for  the  college  community  to 
hold  in  grateful  remembrance  the  efforts,  which  were  freely  ex- 
pended during  many  years  in  its  behalf 

Although  born  in  Windsor,  Conn.,  December  22,  1S22,  and  ©f 
New  England  parentage.  Dr.  Newberry  passed  the  greater  portion 
of  his  early  life  in  the  Western  Reserve  of  Ohio.  When  he  was 
but  two  years  of  age,  his  parents  removed  to  Cuyahoga  Falls, 
south  of  Cleveland,  so  that  from  this  time  until  he  entered  college, 
his  boyhood  was  passed  in  a  new  but  progressive  settlement. 
The  surroundings  were  such,  however,  as  to  strongly  influence  the 
future  scientist.  The  elder  Newberry  became  engaged  in  opening 
up  the  coal  resources  of  eastern  Ohio,  and  in  obtaining  an  outlet 
vou  xiv.— 7 
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for  them  to  Lake  Erie.  His  son  was  thus  reared  in  the  midst  of 
mining,  and  of  that  kind  of  mining  which  especially  developed 
fossil  plants.  In  his  later  years,  Dr.  Newberry  took  pleasure  in  re- 
counting the  delight  which  he  felt,  while  yet  a  boy,  in  uncovering 
these  delicately  preserved  fronds  from  their  enclosing  shale.  The 
geological  museum  still  possesses  some  of  the  finest  slabs,  which 
his  early  efforts  brought  to  light.  In  the  same  section  remains 
of  fossil  fish  began  to  appear  and  foreshadowed  the  fame,  which 
has  later  come  to  it,  as  one  of  the  regions  most  proliRc  of  these 
early  organisms. 

After  preparation  for  college  the  future  professor  entered  the 
Western  Reserve  University  at  Hudson,  Ohio,  and  was  graduated 
in  1846.  He  next  studied  medicine  in  the  Cleveland  Medical 
School  and  received  his  degree  of  M.D.,  in  1848.  The  attrac- 
tions of  European  study  led  him  shortly  afterward,  to  Paris,  where 
he  spent  two  years  in  further  preparation  in  medicine.  Interest  in 
fossils  prompted  him  also  to  seek  instruction  in  paleontology, 
but  as  he  was  accustomed  many  years  later  to  speak  of  the  un- 
satisfactory character  of  his  opportunities,  they  probably  amounted 
to  little.  While  abroad  he  wrote  his  first  scientific  contribution,  a 
description  of  the  fossil  fish  locality  at  Monte  Bolca,  Italy,  so  that 
even  at  this  early  date  he  manifested  the  interest  in  fossil  fish  and 
plants,  which  gave  later  direction  to  his  chief  scientific  efforts. 

On  returning  to  America,  he  began  in  1851,  the  practice  of 
medicine  in  Cleveland,  and  soon  gained  a  wide  clientele.  It  is  a 
curious  fact  that  in  the  same  year  in  which  Dr.  Newberry  sought 
European  advantages,  Leo  Lesquereux,  his  great  contemporary 
palaeobotanist  migrated  from  Switzerland  to  America. 

While  Dr.  Newberry's  medical  practice  increased  and  many 
influences  conspired  to  develop  him  into  a  settled  and  successful 
physician,  his  tastes  for  natural  history  kepi  making  his  profession 
more  and  more  irksome.  Friends  at  Washington  were  not  slow 
to  take  advantage  of  this,  and  finally  induced  him  to  abandon 
Cleveland  and  active  practice.  He  became  in  May,  1855,  as- 
sistant surgeon  and  geologist  to  the  exploring  party  that  was  sent 
out  by  the  War  Department,  under  Lieut.  R.  S.  Williamson,  to 
traverse  the  country  between  San  Francisco  and  the  Columbia 
River.  Two  years  later  his  papers  on  the  botany,  zoolt^y  and 
geology  of  the  region  appeared  in  Vol.  VI.  of  the  "  Reports  of 
Explorations  and  Surveys  to  ascertain  the  most  practicable  and 
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economical  route  for  a  railroad  from  the  Mississippi  River  to  the 
Pacific  Ocean,  made  in  1853-56,"  Washington,  1857, 

Dr.  Newberry  next  became  geologist  to  the  Ives  expedition  as 

it  is  generally  known  from  its  commander,  Lieut.  Joseph  C.  Ives. 

Xhis  party  was  sent  to  explore  the  Colorado  River,  in   1857-58, 

After  sailing  up  the  river  from  the  Gulf  of  Caliiornia  in  a  little 

steamer  to  the  mouth  of  the  Grand  Caiion,  the  party  spent  nearly 

a    year  in   its  study  and   exploration.     Dr.  Newberry  not  only 

gained  an  acquaintance  with  the  superb  geological  sections  and 

phenomena  of  erosion  there  afforded,  but  also  with  the  Pueblo 

tribes  of  Indians,  in  whom  he  ever  afterwards  took  the  deepest 

interest.     The  geological  portion  of  the  final  report  forms  what  is 

now   its   most  valuable   and   interesting  part.     The  full  title  is, 

■'   Report  upon    the  Colorado  River   of  the  West,  explored  in 

1857-58,"  Washington.  1861. 

In  1859  Dr.  Newberry  was  again  111  the  field  as  naturalist  of  an 
■  expedition  under  Capl.  J,  N.  Macomb,  which  traversed  the  San 
Juan  region,  in  southwestern  Colorado,  and  the  adjacent  parts  of 
Utah,  Arizona  and  New  Mexico.  Many  observations  on  the  coal 
seams  and  general  geology  of  this  country  are  recorded,  to  the  ac- 
curacy and  importance  of  which  later  and  fuller  reports  have  given 
ample  confirmation.  The  results  of  this  expedition  were  not  made 
public  until  1876,  owing  in  part  at  least  to  the  demoralization  of  the 
war.  They  then  appeared  under  the  title,  "  Report  of  the  Ex- 
ploring Expedition  from  Santa  Fe,  to  the  junction  of  the  Grand 
and  Green  Rivers,"  Washington,  1876.  In  addition  to  its  geolo- 
gical details,  the  report  contains  many  interesting  records  about 
those  prehistoric  tribes,  the  cliff  dwellers,  whose  ruins  are  abun- 
dant in  the  region. 

Shortly  after  the  trip  was  completed  the  civil  war  broke  out. 
Dr.  Newberry  was  summoned  to  the  newly  organized  Sanitary 
Commission,  in  which  on  June  14,  1861,  he  took  his  place, 
although  at  the  time  attached  to  the  War  Department.  But  the 
work  of  the  Commission  was  imperative  and  in  September,  Dr. 
Newberry  resigned  from  the  War  Department  and  became  Secre- 
tary of  the  western  branch  of  the  Commission,  with  headquarters 
at  Cleveland.  All  the  operations  in  the  Mississippi  Valley  and  its 
tributaries  were  under  his  direction.  Distributing  depots  were 
quickly  established  at  many  points.  At  times  Dr.  Newberry  fol- 
lowed the  army  and  was  himself  present  at  the  battle  of  Chatta- 
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nooga,  overseeing  the  work  of  his  organization.  At  the  close  of 
the  war,  he  made  his  final  report.  It  is  a  volume  of  543  pages, 
and  exhibits  the  great  labors  performed,  and  the  enormous  sums, 
which  were  expended  under  his  administration.  Dr.  Newberry 
had  by  this  time  returned  to  Washington  and  had  become  attached 
to  the  Smithsonian  Institution.  He  also  held  a  professorship  in 
the  Columbian  University  of  Washington,  to  which  he  had  been 
called  in  1857. 

In  1 86:1.  the  School  of  Mines,  Columbia  College,  New  York, 
was  founded,  and  in  1866,  the  chair  of  Geology  and  Paljeontol<^y 
was  created  and  a  call  was  extended  to  Dr.  Newberry.  He  ac- 
cepted and  remained  in  the  uninterrupted  discharge  of  his  duties, 
until  a  stroke  of  paralysis.  December  3,  1890,  made  work  impos- 
sible.    It  was  never  resumed. 

This  long  interval  of  twenty-four  years  is  marked  by  inces- 
sant activity,  for,  in  addition  to  instruction  in  the  college,  a  vast 
amount  of  investigation  and  writing  was  carried  on.  Opportunities 
for  scientific  work  and  distinction  outside  of  New  York  appeared, 
and  made  possible  the  greatest  efforts  of  his  life.  When  the 
Legislature  of  Ohio  established  a  State  geological  survey  in  1869. 
Dr.  Newberry,  who  had  all  along  kept  his  household  and  home  in 
Cleveland,  was  called  by  Governor  Hayes,  to  the  directorship. 
Active  organization  was  soon  effected  and  a  comprehensive  scheme 
of  work  was  blocked  out.  Three  reports  of  progress  were  issued, 
the  last  extremely  brief.  The  final  reports  comprised  four  vol- 
umes on  the  geology  of  the  State,  two  on  its  palaeontology,  one 
geological  atlas  and  a  report  on  the  zoology  and  botany.  They 
all  appeared  between  1869  and  1882.  One  or  two  were  printed 
in  German  as  well  as  English,  A  large  part  of  the  field  work  was 
done  by  the  director  himself,  and  the  descriptions  of  a  number  of 
counties  are  from  his  pen.  Naturally  the  summation  is  also  his. 
In  palaeontology  notable  discoveries  were  made  of  fossil  fish  and 
fossil  plants.  The  reports  on  these  two  groups,  by  Dr.  Newberry 
probably  attracted  more  attention  from  scientific  men  than  any 
other  results  of  the  survey's  work.  Observations  on  the  geologi- 
cal history  of  the  Great  Lakes,  and  their  relationshijts  to  the 
Glacial  Period  were  recorded,  which  have  proved  fruitful  of  later 
results.  Not  a  few  men  began  their  geological  work  or  took  part 
in  the  survey,  who  have  since  become  leaders.  G.  K,  Gilbert, 
R.  D.  Irving,  Henry  Newton,  N.  H.  Winchell  and  Edw.  Orton,  the 
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able  and  courteous  director  of  the  present  Ohio  survey,  may  be 
mentioned.  Probably  an  error  of  judgment  was  committed  in 
postponing  the  economic  work  until  the  last,  for,  before  these  re- 
ports, which  always  have  greatest  value  and  interest  to  tlie  people 
at  large,  were  reached,  the  legislature  cut  short  the  appropriations, 
on  the  ground,  as  one  rural,  member  said,  that  too  much  money 
was  devoted  to  clams  and  salamanders. 

Dr.  Newberry  also  did  a  Urge  amount  of  palxontological  work 
for  the  Illino's  survey,  especially  on  vertebrate  fossils,  A  still 
more  extended  undertaking  was  the  description  of  the  later  ex- 
tinct floras  in  the  west,  materials  for  which  had  been  gathered  by 
the  Hayden  survey.  A  volume  of  plates  was  issued  in  1878,  but 
although  begun  nearly  fifteen  years  ago,  the  manuscript  is  not  en- 
tirely complete,  and  if  published,  will  .form  a  posthumous  work 
under  the  editorship  of  the  professor's  old  student  and  friend, 
Arthur  HolHck.  In  association  with  the  New  Jersey  survey,  Dr. 
Newberry  also  undertook  the  description  of  the  flora  of  the  Amboy 
clays.  This  manuscript,  with  some  editoral  completion  by  Mr. 
Hollick,  will  also  appear  as  a  posthumous  work.  The  description 
of  the  fossil  fishes  and  plants  of  the  eastern  Triassic  strata,  was 
pushed  to  a  conclusion  and  appeared  in  1888,  as  Monograph  XIV 
of  the  U.  S,  Geological  Survey.  A  more  elaborate  work  on  the 
Palieozoic  Fishes  of  North  America,  came  out  in  the  following 
year  as  Monograph  XVI  of  the  -same  survey.  Bath  volumes  are 
extensively  illustrated  by  plates.  In  addition  to  his  palicontol- 
ogical  papers,  Dr.  Newberry  wrote  also  many  shorter  contribu- 
tions for  the  scientific  journals  on  subjects  connected  with  econ- 
omic geology.  He  was  frequently  called  upon  to  prepare  articles 
for  encyclopedias.  Papers  on  geological  subjects  were  furnished 
by  him  to  Appleton's  Aineiican  Cychpadia,  Johnson's  and  the 
Encyclopadia  Brittanica.  This  sketch  would  be  incomplete  with- 
out mention  of  the  high  regard  that  was  felt  for  his  opinion  on  the 
value  of  mines,  both  for  metals  and  for  coal.  His  advice  was 
often  sought,  and  repeated  trips  to  the  west  and  to  Mexico 
widened  his  range  of  observation.  In  this  connection,  it  may  also 
be  stated,  that  he  was  one  of  the  judges  at  the  Centennial  and 
wrote  the  report  on  building  stone. 

When  the  National  Academy  of  Science  was  founded.  Dr. 
Newberry  was  named  by  Congress  as  one  of  the  incorporators, 
and  became  a  familiar  figure  at  its  meetings.     In  1867  his  Alma 
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Mater  honored  herself  and  him  by  bestowing  the  degree  of  LL.D. 
In  the  same  year  he  was  president  of  the  American  Association 
for  the  Advancement  of  Science,  and  dehvered  the  annual  ad- 
dress at  Burlington,  Vt.  Likewise  in  1867,  soon  after  his  coming 
to  New  York,  he  was  chosen  president  of  the  New  York  Academy 
of  Sciences,  Professor  C.  A.  Joy,  the  previous  incuml^ent,  grace- 
fully and  generously  retiring,  to  give  the  Doctor  an  appropriate 
introduction  to  the  scientific  circles  of  the  metropolis.  For  twenty- 
four  years,  Dr.  Newberry  remained  president  of  this  body,  and 
during  the  last  year  of  his  life  and  at  the  time  of  his  death  was  its 
honorary  president.  Dr.  Newberry  also  became  president  of  the 
Torrey  Botanical  Club,  and  occupied  the  position  from  18S0  up  to 
1890 — a  period  of  ten  years. 

Largely  in  immediate  recognition  of  his  palseontological  work, 
the  Geological  Society  of  London,  conferred  on  Dr.  Newberry  in 
1888,  the  Murchison  gold  medal,  which  is  awarded  by  the  society 
for  distinguished  scientific  services  in  geology.  In  presenting  the 
medal,  President  Judd,  and  in  receiving  it  for  Dr..  Newberry,  Sir 
Archibald  Geikie  referred  in  a  most  appreciative  way  to  his  work. 
When  the  long  pending  Geological  Society  of  America  finally  took 
form  at  Cleveland  in  1888,  Dr.  Newberry  was  present  and  shared 
in  its  organization.  At  the  second  election  of  officers  in  New 
York,  December  26,  1889,  he  was  chosen  first  vice-president. 
The  crowning  honor  of  his  life  came,  however,  in  1891. 

In  the  late  seventies  the  subject  of  an  International  Congress  of 
Geologists  was  broached  in  the  American  Association,  and  Dr. 
Newberry  was  appointed  one  of  the  committee  to  carry  the  matter 
through.  The  movement  led  to  the  organization  of  the  Congress, 
which  has  now  held  four  meetings,  at  intervals  of  three  years,  and 
in  several  countries.  The  last  was  in  Washington  in  August. 
1891,  and  chose  for  its  presiding  officer  the  one  in  whose  memory 
these  lines  are  penned.  The  honor  was  a  fit  tribute  to  a  long  and 
fruitful  life,  but  it  came  after  its  recipient  was  too  weakened  to  take 
the  chair.  From  his  far  distant  summering  place  on  Lake 
Superior,  he  was  forced  to  send  his  messages  of  greeting  to  the 
Congress, 

It  was  in  the  winter  of  1889-90,  that  exhausting  labors  began 
to  tell  heavily  on  a  constitution,  which  had  seemed  such  proof 
against  fatigue,  that  it  knew  not  how  to  yield.  A  heavy  cold  and 
attendant  weakness  gave  warning  that  certain  limits  must  be  re- 
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garded,  but  the  professor  after  a  brief  absence,  again  appeared 
before  his  classes.  When  the  long  summer  vacation  of  1890  came, 
he  wrought  day  after  day  with  an  amanuensis  on  his  report  upon 
the  Amboy  flora.  The  strain  was  too  severe  and  culminated  in 
the  following  December,  with  a  paralytic  stroke,  from  the  effects 
of  which  the  honored  teacher  and  investigator  never  recovered. 
Two  years  later  he  passed  away  on  December  7,  1892,  lacking  just 
a  fortnight  of  being  seventy  years  of  age. 

Dr.  Newberry's  skilful  touch  has  been  felt  in  almost  all  lines  of 
geological  work,  and  in  almost  all  departments  of  natural  history. 
Not  only  did  he  have  a  love  of  investigation  and  study,  but  he 
was  also  a  most  indefatigable  collector,  and  made  the  geological 
museum  in  the  School  of  Mines  a  monument  to  his  memory. 
Its  wealth  of  fossil  Bsh  and  fossil  plants  makes  it  unique  and 
famous  among  geological  museums.  All  that  we  know  of  many 
genera  of  the  former  is  based  upon  material  now  in  the  cases. 

Dr.  Newberry  had  many  other  interesling  sides  to  his  nature, 
for  the  scientific  man  never  becomes  the  master,  who  does  not 
combine  with  all  his  closeness  in  observing  and  his  accuracy  in 
statement,  a  strong  poetic  or  spiritual  endowment,  call  it  what 
we  may,  which  leads  him  to  grasp  almost  by  intuition  the 
harmonies  of  nature,  and  to  appreciate  the  beautiful  things  of  art. 
Dr.  Newberry  had  a  strong  passion  for  music,  and  in  his  earlier 
years  was  wont  to  solace  the  lonely  hours  of  western  expeditions 
with  his  violin.  Old  students  in  the  School  of  Mines  remember 
how  he  used  to  sing  to  himself  in  a  rich,  full  voice,  while  working 
in  the  geological  collections.  Often  in  the  still  hours  of  the 
night,  the  music  of  his  little  cabinet  organ  swelled  out  from  his 
apartments.  He  was  likewise  skilful  in  the  use  of  his  pencil, 
and  many  illustrations  of  fossils  and  of  scenery  in  his  reports  are 
from  his  own  hand.  He  wrote  in  charming  and  attractive  style, 
and  in  descriptions  of  the  grand  phenomena  of  the  west,  often 
manifested  a  highly  artistic  use  of  words. 

In  his  scientific  work,  he  sometimes  displayed  almost  the 
insight  of  a  seer,  and  from  his  ability  to  grasp  as  by  intuition  the 
bearings  of  many  widely  separated  facts,  he  has  shown  a  quite 
prophetic  instinct.  His  determinations  of  strata  in  the  west, 
although  based  on  the  hasty  itineraries  of  exploring  parties, 
have  been  very  generally  corroborated  by  later  and  more  delib- 
erate work.     The  same  is  true  of  his  early  views  on  the  origin  of 
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petroleum,  and  on  the  buried  channels,  that  have  been  since  dis- 
covered around  nearly  all  the  waterfalls  of  the  central  part  of  the 
country.  He  was,  withal,  extremely  conservative  on  many  doubt- 
ful points  and  before  his  classes  was  very  cautious  of  statement 
With  his  students  his  relations  were  marked  by  great  kindliness, 
and  by  them  he  was  universally  beloved.  Not  a  few  have  gone 
out  from  his  instruction  to  successful  work  in  the  science  to  which 
he  was  devoted.  He  also  numbered  among  his  friends,  scientific 
men  in  all  parts  of  the  world,  and  several  New  Year's  greetings 
have  come  unsought  from  friends  across  the  water,  who  had  not 
yet  learned  that  he  was  beyond  their  reach. 

Dr.  Newberry  was  married  in  Cleveland  in  1848,  to  Miss 
Sarah  B.  Gaylord,  who  with  six  of  their  seven  children,  five  sons 
and  one  daughter,  survives  him.  Two  of  his  sons  are  graduates 
of  the  School  of  Mines. 

A  bibliography  of  his  works  is  appended,  which  was  largely 
prepared  by  himself,  just  before  his  illness.  It  is  believed  to  be 
quite  complete. 

List  of  Publications  of  Professor  J.  S.  Newberry. 
i8si. 

"  Description  of  the  Quarries  Yielding  Fossil  Fishes,  Monte  Bolca, 
Italy." — Family  Visitor,  1851. 

"  On  the  Currents  of  the  Gulf  Stream  and  of  the  Pacific  off  Central 
America." — Family  Visitor,  1851. 

"On  the  Geographical  Distribution  of  Certain  Species  of  Land  and 
Fresh  Water  Shells." — Proc.  Amer.  Asso.  {1851),  p  105, 

"On  the  Origin  of  the  Quartz  Pebbles  of  the  Carboniferous  Con- 
glomerate."— Family  Visitor,  1851. 

185A 
"On  the  Specific  Identity  of  Typhus  and  Typhoid  Fevers." — Minutes 
Ohio  State  Medical  Society,  1851. 

'853. 

"  On  the  Fossil  Fishes  of  the  Cliff  Limestone." — Annals  of  Science 
(1853),  p.  I!. 

"  On  the  Structure  and  Affinities  of  Certain  Fossil  Plants  of  the  Car- 
boniferous Age," — Proc.  Amer.  Asso.  (1853),  p.  157;  Annals  of  Sci- 
ence, Vol.  I.,  p.  268. 
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"On  the  Carboniferous  Flora  of  Ohio." — Proc,'  Amer,  Asso.  (1853), 
p.  163 ;  Annals  of  Science,  Vol.  I.,  p.  280. 

"Catalogue  of  the  Fossil  Plants  of  Ohio," — Annals  of  Sctencc 
(1833),  Vol.  I.,  pp.  95  and  106. 

"New  Fossil  Plants  from  Ohio." — Annals  of  Science  (1853),  pp, 
116,  118  and  153. 

1 8s  6. 
"  New  Genera  and  Species  of  Fossil  Fishes  from  the  Carboniferous 
Strata  of  Ohio."— Proc.  Phil.  Acad.  Sci.  (1856),  p.  96. 

1857. 

"  Report  on  the  Economic  Geology  of  the  Route  of  the  Ashtabula 
and  New  Lisbon  Railroad." — Cleveland,  Ohio  (1857),  8vo.,  pp.  49. 

"On  the  Mode  of  Formation  of  Canncl  Coal." — Amer.  Jour.  Sci,, 
Vol.  XXIir  (1857),  p.  212. 

"Geology  of  California  and  Oregon," — United  States  Pacific  Rail- 
road Report,  Vol.  VI.  (1857),  pp.  1-73,  pi.  V. 

"The  Botany  of  Northern  California  and'Oregon." — United  States 
Pacific  Railroad  Report,  Vol.  VI.  (1857)  ;  Botanical  Report,  pp.  1-94, 
pis.  I-XVI. 

"Zoology  of  Northern  California  and  Oregon," — United  States  Pa- 
cific Railroad  Report,  Vol,  VI.  (1857),  pp,  37-110,  pis.  I-V, 

"  Fossil  Fishes  of  the  Devonian  Rocks  of  Ohio." — Bulletin  National 
Institute,  January,  1857. 

"Reports  of  the  Geology,  Botany  and  Zoology  of  California  and 
Oregon." — Reprint  from  P.  R.  R,  Report,  Vol,  VI.,  4to.,  pp.  250,  pi. 
XXXIX. 

1859, 

"  Catalogue  of  Plants  of  Ohio," — Ohio  Agric.  Report  (1859),  and 
Reprint,  pp,  41. 

"The  Rock  Oils  of  Ohio."~Ohio  Agric.  Report  (1859),  and  Re- 
print, pp.  16. 

"  Explorations  in  New  Mexico." — Amer,  Jour.  Scienre,  Vol,  XXVIII, 
(1859),  p.  298, 

i860. 

"Cretaceous  and  Tertiary  Plants." — Hayden's  Report  on  Explora- 
tion of  Missouri  and  Yellowstone  Rivers,  Washington  (1859-60),  p. 
146. 

"The  Ancient  Vegetation  of  North  America." — .\raer.  Jour,  Sci., 
Vol.  XXIX,  (1860),  p.  208. 
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"The  State-House  Well  of  Columbus,  Ohio."— Report  of  Supt.  of 
State  House,  r86o,  and  Reprint. 

"The  Aurora  of  1859."— Amer.  Jour.  Sci.,  Vol.  XXX.  (i860),  pp. 
347-356- 

"The    American    Cretaceous    Flora," — Ainer.  Jour.  Science,  Vol. 
XXX.  (i860),  p.  273. 

1861. 

"  Geology  of  the  Colorado  Exploring   Expedition." — Washington 
(1861),  410.,  pp.  153,  pi.  6,  2  maps. 


"The  Surface  Geology  of  the  Basin  of  the  Great  Lakes." — Proc. 
Boston  Nat.  Hist.  Soc.,  Vol.  IX.  (1862),  and  Reprint,  pp.  7. 

"Notes  on  American  Fossil  Fishes." — Amer.  Jour.  Science,  Vol, 
XXXIV.  (1862),  pp.  73. 

1863. 

"  Description  of  Fossil  Plants  Collected  by  the  N,  W,  BoundaryCom- 
mission." — Proc.  Bast.  Nat.  Hist.  Soc,  Vol.  VII.  (1863),  and  Reprint, 
pp.  19. 

1866. 

"  The  Oil  Region  of  the  Upper  Cumberland  in  Kentucky  and  Ten- 
nessee."— Cincinnati,  i860,  pp.  10. 

"  Prospectus  of  NefT  Petroleum  Company,  Knox  County,  Ohio." — 
(1866),  pp.  16-23,  VV-  4'=~43.     Gambier,  Ohio. 

"Report  on  the  Fossil  Fishes  Collected  on  the  Illinois  Geological 
Survey,  by  J.  S.  Newberry  and  A.  H.  Worthen." — Rept,  Geol.  Survey 
Ills.,  Vol.  II.  (1866),  pp.  1-134,  pi.  XIII. 


"  Modern  Scientific  Investigation,  its  Methods  and  Tendencies." — 
Presidential  Address,  Proc.  Amer.  Asso.  (1867),  p.  i.  Reprint. 


"  Report  on  the  Fossil  Plants  Collected  in  China  by  Mr.  Raphael 
Pumpelly." — Smithsonian  Contributions  (1868),  p.  119,  pi.  i. 

"Sketch  of  theGeology  of  Ohio."— Waiting's  Atlas  of  Ohio  (1868), 
with  geological  map. 

1869. 

"  Geological  Survey  of  Ohio." — Report  of  Progress  for    1869,  Part 
I.,  pp.  1-53)  map  and  chart. 
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1870. 

"  Fossil  Fishes  of  Illinois,  Newberry  and  Worthen." — Geol.  Surv, 
Ills.,  Vol.  IV.  (1870),  p.  343. 

"  Notes  on  the  Later  Extinct  Floras  of  North  America." — Annals 
Lye.  Nat.  Hist.,  Vol.  IX.  (1870),  p.  1,  Reprint,  8vo.,  pp.  76. 

"  On  the  Surface  Geology  of  the  Basin  of  the  Great  Lakes  and  the 
Valley  of  the  Mississippi."— Annals  Lye.  Nat.  Hist.,  Vol.  IX.  (1870), 
p.  213.     (See  also  Am.  Journ,  Sci„  XLIX.,  pp.  iii  and  267  (1870).) 

'*  The  Geological  Survey  of  Ohio." — Address  delivered  to  the  Legis- 
lature, February  7th,  1870,  pp.  60. 

"  Deep  Sea  Dredgings."— Proc.  N.  Y,  Lye.  Nai.  Hist.,  Vol.  I.  (1870), 
p.  106. 

"  Changes  of  Color  on  the  Male  Stickleback  {Gasterosteus),  During 
Senual  Excitement."— Proc.  N.  Y.  Lye.  Nat.  Hist.,  Vol.  I.  (1870),  p. 

"  Notice  of  Fossil  Plants  from  the  Cretaceous  Sandstones  of  Fort 
Marker,  Kansas,  and  from  the  Miocene  of  Bridge  Creek,  Oregon." — 
Proc.N.  Y.  Lye.  Nat.  Hist.,  Vol,  L  (1870),  p.  148. 

"Notes  on  Some  New  Genera  and  Species  of  Fossil  Fishes  from  the 
Devonian  Rocks  of  Ohio."— Proc.  N.  Y.  Lye.  Nat.  Hist.,  Vol.  L  C"87o)> 
p.  151. 

"  On  Tilaniferous  Iron  Ores."— Proc.  N.  Y.  Nat.  Hist.,  Vol.  I,  (1870), 
p.  223. 

"  The  Ancient  Lakes  of  Western  America,  their  Deposits  and  Drain- 
age."— Hayden's  U.  S.  Geol.  Siirv.  (Wyoming),  1870,  p.  329. 

"Geology  in  its  Applications  to  Agriculture." — Proc.  Ohio  Agric, 
Convention  (1870),  p.  65. 

"  Geological  Survey  of  Ohio." — Report  of  Progress  for  1870,  Part 
I.;  Structure  of  the  Lower  Coal  Measures  in  Northeastern  Ohio,  pp. 
1-53,  4  charts. 

"  The  Earliest  Traces  of  Man  Found  in  North  America." — Proc.  N, 
Y.  Lye.  Nat.  Hist.,  Vol.  I.  (1870),  p.  2. 

"Ancient  Lakes  of  Western  America." — Proc.  N.  Y.  Lye.  Nat.  Hist., 
Vol.  L  (1870),  p.  2S- 

"  Geological  Position  of  the  Elephant  and  Mastodon  in  North  Amer- 
ica."—Proc.  N.Y.  Lye.  Nat.  Hist.,  Vol.  I.  (1870),  p.  77. 

"On  the  Red  Color  of  Sedimentary  Rocks  Barren  of  Fossils." — 
Proc.  N.  Y.  Lye.  Nat.  Hist.,  Vol.  I.  (1870),  p.  36. 

"The  Marble  Beds  of  Middlebury,  Vermont." — Proc.  N.  Y.  Lye. 
Nat.  Hist.,  Vol.  I.  (1870),  p.  62. 

"On  a  Cranium  of  Walrus  Found  at  Long  Branch,  N.  J." — Proc. 
N.  Y.  Lye.  Nat.  Hist.,  Vol.  I.  (1870),  p.  75. 
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"  The  U.  S.  Sanitary  Commission  in  the  Valley  of  the  Mississippi 
During  the  War  of  the  Rebellion."— Cleveland,  Ohio  (1871),  8vo.,  pp. 
543- 

""  Geological  Survey  of  Ohio." — Report  of  Progress  for  1871,  Colum- 
bus, Ohio,  pp.  1-9. 

"  The  Gas  Wells  of  Ohio  and  Pennsylvania." — Proc.  N,  Y.  Lye.  Nat. 
Hist.,  Vol.1.  (1871),  p.  266. 

"  Notice  of  Angiospermous  I^af- Impressions  in  a  Red  Sandstone  Boul- 
der Found  in  Excavating  the  Foundations  of  a  Gas  Office  in  Williams- 
burg, L.  1."— Proc.  N.  Y.  Lye.  Nat.  Hist.,  Vol.  L  (1871),  pp.  149,  150. 

1872- 

"  Geology  of  Ohio." — Gray  and  Walling's  Atlas  of  Ohio,  1872, 
with  geological  map. 

"  Report  on  Vermont  Marble." — New  York,  1871,  Pamphlet,  8vo., 
pp.  12. 

"Notes  on  American  Asphalts." — American  Chemist,  Vol. H. (1872), 
p.  427. 

1873- 

"  Geological  Survey  of  Ohio." — Vol.  L,  Part  I. :  Historical  Sketch, 
Physical  Geology,  Geological  Relations  and  Geological  Structure  of 
Ohio,  pp.  1-167.     (iSTsO 

"  Geological  Survey  of  Ohio."— Vol.  I.,  Part  I.  (1873),  Geology  of 
Cuyahoga  County,  pp,  171-200,  one  map. 

"Geological  Survey  of  Ohio." — Vol.  L,  Part  1.(1873),  Geology  of 
Summit  County,  pp.  201—222,  one  map,  one  plate. 

"Geological  Survey  of  Ohio."— Vol.  I.,  Part  II.  (1873),  Descrip- 
tion of  Fossil  Plants,  pp.  355-385,  eight  plates. 

"Geological  Survey  of  Ohio." — Vol.  I.,  Part  XL,  Palseontology 
(1873),  Preface,  pp.  1-8, 

"  Coals  and  Lignites  of  the  Western  States  and  Territories." — Proc. 
N.  V.  Lye.  Nat.  Hist.,  Second  Series  (1873),  P-  41- 

"On  the  Results  of  the  Removal  of  Forests." — Proc.  N.  Y.  Lye.  Nat. 
Hist,  Second  Series  (1873),  p.  31. 

"Report  on  the  Central  Vermont  Marble  Quarries." — New  York, 
1873,  Pamphlet,  3vo.,  pp.  7. 

"  Geological  Survey  of  Ohio." — Palteontology,  Vol.  I.,  Part  II. 
(1873),  Descriptions  of  Fossil  Fishes,  pp.  247-355,  P'^-  L-XVII, 

"Circles  of  Deposition  in  American  Sedimentary  Rocks." — Proc. 
Amer.  Asso.,  Vol.  XXII.  (1873),  p.  185. 
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"Notes  on  the  Genus  Ci>nfAw/«V,  Cope." — Proc.  Acad.  Nat.  Sci., 
Phila.(iS73),  p.  425- 

"  Salina  Group  of  the  Upper  Silurian." — Proc.  N,  Y,  Lye.  Nat.  Hist., 
Vol.  I.,  Second  Series  (1873),  p.  11. 

"Water  Supply  of  the  City  of  Yonkers," — American  Chemist.,  Vol. 
III.  (Jan.,  1873),  p.  2A2. 

1874. 

"On  the  Structure  and  Origin  of  the  Great  l^kes."— Proc.  N.  Y. 
Lye.  Nat.  Hist.,  Second  Series  (1874),  p.  136. 

"Geological  Survey  of  Ohio." — Vol.  I L,  Part  I.  (1874),  Preface,  Sur- 
lace  Geology,  the  Carboniferous  System,  pp.  1-9,  1-180,  plate  one, 
maps,  four. 

"Surface  Geology  of  Ohio." — Reprinted  from  Geological  Survey  of 
Ohio,  Vol.  IL,  Part  L  (1874),  pp.  80,  four  maps. 

"Geological  Survey  of  Ohio."— Vol.  H.,  Part  L  (1874),  Geology  of 
Erie  County  and  the  Islands,  pp.  183-Z05,  one  map, 

"Geological  Survey  of  Ohio."— Vol.  H.,  Pari  L  (1874),  Geology  of 
Lorain  Counly,  pp.  206—224. 

"The  Iron  Resources  of  the  United  Slates," — International  Review 
C1874),  p.  7S4. 

"  Parallelism  of  Coal  Seams." — .\mer.  Jour.  Sci,,  Vol.  VII.  (1874),  p. 
367- 

"On  the  Lignites  and  Plant  Beds  of  Western  AmericaJ'—Amer. 
Jour.  Sci.,  Vol.  VII.  (1874),  p.  399. 

"On  the  So-called  Land  Plants  of  the  Lower  Silurian  of  Ohio." — 
Amer.  Jour.  Sci.,  Vol.  II.,  VIII.,  pp.  no  and  :6o  (1874). 

1875- 
"Geol.  Survey  of  Ohio."— Vol.  II.,  Part  II,,  Paleontology,  Preface, 
Descriptions  of  Fossil  Fishes,  pp.  1-64.     1875. 

"Mineral  Deposits," — Appleton's  Encyclopjedia,  Vol.  XL  (1875),  p. 
577- 

1876. 
"Causes  of  the  Cold  of  the  Ice  Period."~Pop,  Sci.  Monthly,  IX. 
aSo.    (July,  1876.) 

1878. 

"Geol.  Survey  of  Ohio."— Vol.  III.,   Geology,  Preface,   Review  of 

Ohio  Geology  and  Local  Geology  of  Tuscarawas,  Columbiana,  Portage, 

Stark,  Jefferson  and  Mahoning  Counties.     (1878,) 

"Report  Upon   Building  and  Ornamental   Stones." — Reports  and 
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Awards,  Group  I.,  Centennial  Exhibition,  pp.  107-171.  Philadelphia, 
J.  B,  Lippincott  &  Co.  (1878)- 

"Desiripiion  of  F.)ssil  Fish  Teeth  of  Harrison  County,  Indiana."— 
Rept.  Geol.  Surv.  Ind.  (1878),  p.  341. 

"Geological  History  of  New  York  Island  and  Harbor." — Pop.  Sci. 
Monthly  (October,  1878),  and  reprint,  pp.  20, 

1879. 

"  Des<riplions  of  New  Palaeozoic  Fishes." — Annals  N.  Y,  Acad.  Sci., 
Vol.  I.  (i879>,  p.  «88. 

"  Fossil  Fishes  from  the  Trias  of  New  Jersey  and  Connecticut."— 
Annals  N.  Y.  Acad.  Sci.,  Vol.  I.  (1879),  p.  127. 

"  Devices  Employed  in  Nature  for  the  Distribution  of  the  Seeds  of 
Plants."— Scientific  American  (May,  1879). 

"Discovery  of  Mineral  Wax  (Ozocerite)  in  Utah." — Amer.  Jour. 
Sci.,  Vol.  XVII.  (1879),  p.  340. 

"The  Geological  Survey  of  the  Fortieth  Parallel." — Review,  Pop. 
Sci.  Monthly,  (July  1879). 


"Origin  and  Classification  of  Ore  Deposits." — School  of  Mines 
Quarterly,  Vol.  I.  (March,  1880). 

"  Geological  History  of  the  North  American  Flora," — Bulletin  Tor- 
rey  Botanical  Club  (July,  t88o),  p.  74. 

"  Re])ort  upon  the  Properties  of  the  Stormont  Silver  Mining  Co., 
Utah." — Engineering  and  Mining  Journal  (Oct.  13,  1880),  p.  269. 

"Genesis  of  the  Ores  of  Iron," — School  of  Mines  Quarterly,  Vol. 
II.  (November,  1880J, 


"The  Silver  Reef  Mines,  Utah." — Engineering  and  Mining  Journal 
(Jan,  I,  188O,  p.  4- 

"The  Genesis  and  Distribution  of  Gold." — School  of  Mines  Quar- 
terly, Vol.  III.  (November,  1881),  p.  5, 

"  Note  on  the  Copiier  Deposits  of  the  Trias  in  New  Mexico  and 
Uiah."— Trans.  N.  Y.  Acad.  Sci.,  Vol,  I.  1881  (p,  ao). 

''The  Origin  and  Drainage  of  the  Great  Lakes." — Proc.  Amer.  Phil, 
Soc.,  Deceml»er,  1881. 

"  Geological  Observations  in  Montana,  Idaho,  Utah  and  Colorado." 
Trans.  N.  Y.  Acari.  Sci.,  Vol.  I,  (1881),  p.  4. 

"Volcanic  Rocks  of  Oregon  and  Idaho." — Trans,  N.  Y.  Acad.  Sci., 
Vol.1.  (1881),  p.  53- 
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"On  Cell  Functions  in  Organic  St  rue  I  u  res. " — Trans,  N,  Y,  Acad, 
Sci.,  Vol,  I.  (i88i-a),  p,  43. 

"  Geology  of  the  Mammoth  Cave."— Trans.  N.  Y.  Acad.  Sci.,  Vol, 
I.  (i88i-2),  p.  65. 

"  Hypothetical  High  tides  as  Agents  of  Geological  Change," — 
Trans.  N.  Y.  Acad.  Sci.,  Vol,  I.,  No.  4  (1882),  p.  80. 

"  Geological  Survey  of  Ohio," — Zoology  and  Botany,  Vol.  IV.,  8vo, 
Preface  (1882). 

"Hypothetical  High  Tides. "—Nature,  Vol.  XXV.,  No.  16  (.Feb. 
1882),  p.  3S7, 

"Ancient  Civilization  of  America," — Trans.  N.  Y.  Acad.  Sci,,  ab- 
stract. Vol.  1.  (i8?2),  p.  i»o. 

"Origin  and  Relations  of  the  Carbon  Minerals." — Abstract;  Trans. 
N.Y.Acad.  Sci.  (1882),  p,  loo-rii ;  Annals  N.  Y.Acad.  Sci.,  Vol.  H., 
p.  267. 

"  The  Origin  of  the  Carbonaceous  Matter  in  Bituminous  Shales."  — 
Annals  N.  Y.  Acad.  Sci.,  Vol.  11.  (1882),  p.  357. 

"Coal  and  Iron  of  Southern  Utah," — Pamphlet,  8vo,,  New  York 
(iS82),  pp.  12, 

''  Description  of  Fossil  Plants  from  Western  North  America." — Proc. 
U.  S.  Nat.  Museum  (1882),  p.  502. 

"  On  the  Origin  of  Crystalline  Iron  Ores."— Trans.  N.  Y.  Acad.  Sci., 
Vol.  H.  (1882),  p.  13. 

"The  Dry  Concentration  of  Ores." — School  of  Mines  Quarterly, 
Vol.IV.  {188^),  p.  I. 

"The  Evidences  of  Olaciation  in  North  America." — Trans,  N.  Y. 
Acad.  Si:i„  Vol.  II.  (1882-3),  P-  '55- 

"  Hypothetical  High  Tides."— Nature,  Vol.  XXVI.  (1882),  p.  56. 

"The  Gas  Wells  of  Ohio."— American  Chemist,  Vol.,  I.,  p.  201, 

1883, 

"Sierra  Rica  and  San  Carlos  Mines,  Chihuahua,  Mexico." — New 
York(i8S3). 

"Fossil  Fishes  from  the  Devonian  Rocks  of  Ohio." — Trans.  N.  Y. 
Acad.  Sci.,  Vol.  II.  C1883),  p.  145. 

"  Botany  and  Geology  of  the  (Country  Bordering  the  Rio  Grande." 
-Trans,  N.  Y.  Acad.  Sci,,  Vol,  VII,  (1883),  p.  90. 

"The  Physical  Conditions  Under  which  Coal  was  Formed." — School 
of  Mines  Quarterly,  Vol.  IV.,  No.  3  (April,  1883),  p.  169, 

"Notes  on  Fossil  Plants  from  Northern  China," — Amer.  Jour.  Sci., 
Vol.  XXVI.  (1883),  p.  123. 

"Richthofen*sChina."~Araer.  Jour. Sci., Vol.  XXVI.  (1883),  p.  153. 
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"The  Deposition  of  Ores," — School  of  Mines  Quarterly,  Vol.  V,, 
1S84. 

"  Notes  on  ihe  Geology  and  Botany  of  the  Country  Bordering  the 
Northern  Pacific  Railroad."— Annals  N.  Y.  Acad.  Sci.,  Vol.  III.  (1884). 

"The  Drift  Deposits  of  Indiana." — Annual  Report  of  the  Slate 
Geologist  of  Indiana  (1884),  p.  85. 

1885. 

"The  Eroding  Power  of  Ice," — School  of  Mines  Quarterly,  Vol. 
VI,  (January,  1885), 

"  Description  of  Spiraxis,  a  Peculiar  Screw-like  Fossil  from  the  Che- 
mung Rocks."— Annals  N.  Y.  Acad.  Sci.,  Vol.  III.,  No.  7  (June,  1885). 

"  The  Ancient  Civilizations  of  America." — Trans.  N.  Y.  Acad.  Sci^ 
Vol.  IV.  (1885),  p.  47- 

"Saporta's  Problematical  Organisms  of  the  Ancient  Seas." — Review 
Science,  June  19,  1885. 

"  Recent  Discoveries  of  Rock  Salt  in  Western  New  York." —Trans, 
N.  Y.  Acad.  Sci..  Vol.  IV.  (1885),  p.  55. 

"The  Meeting  of  the  Geological  Congress  at  Berlin,  1885."— Trans. 
N.  Y.  Acad.  Sci.,  Vol.  V.  (1885). 

"Biographical  Sketch  of  Prof.  Louis  Agassiz." — Address  delivered 
at  Cornell  University,  1885. 

"  On  the  American  Trias."— Trans.  N.  Y.  Acad.  Sci.,  Vol.  V.  (1885), 
p.  18. 

"On  the  Geological  Age  of  the  North  Atlantic."— Trans.  N.  Y. 
Ac^d.  Sci.,  Vol.  V.  (1885),  p.  78. 

"  Placoderm  Fishes  from  the  Devonian  Rocks  of  Ohio." — Trans.  N. 
Y,  Acad.  Sci,,  Vol.  V.  (1885),  p.  25. 

"On  Cone  in  Cone." — Geological  Magazine,  Decade  III,  Vol.  H- 
C>885),  P-  559- 

"  Finus  monophylla,  Torrey  and  Fremont,  a  Variety  of  F,  edulis." 
—  Bull.  Torrey  Bot.  Club,,  Vol.  XII.  (1885),  p.  50, 

"Sur  les  Resles  de  Grands  Poissons  Fossils,  Rfeeinmanl  DScouverts 
dans  les  Roches  Devoniennes  de  L'Am^rique  du  Nord." — Compies 
Rendus  de  la  Troisi^me  Session  du  Congr^*  G^ologique  International, 
Berlin  (1885),  p.  ir. 

"New  York  State  Geology   and  Natural  History." — Encyclopedia 
Britannica,  9th  Edition,  Vol.  XVII. 
1886. 

"  Winds  and  Ocean  Currents." — Science,  January,  1886. 

"  Uneducated  Reason  in  the  Cicada." — School  of  Mines  Quarterly, 
Vol.  VII.  (i88i5j,  p.  152. 
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"  Flora  of  the  Amboy  Clays."— Bulletin  Torrey  Bolanical  Club,  Vol. 
XIII.  (1886I,  p.33. 

"  Memoir  of  Dr.  John  P.  Kirtland." — Biographical  Memoirs  of  the 
National  .Academy  Sciences,  Vol.  II,  (1886),  p.  129. 

"  A  New  Species  oi  Bauhinia  from  the  Amboy  Clays," — Bulletin  Tor- 
rey Botanical  Club,  Vol.  XIII.  (1886),  p.  77,  pi.  i. 

"The  Cretaceous  Tlora  of  North  America." — Trans.  N,  Y.  Acad. 
Set.,  Vol.  v.,  February,  1886. 

"  On  Sea-level  and  Ocean  Currents." — Science,  July,   1886. 

"  North  America  in  the  Ice  Period. "—Pop.  Sci.  Monthly,  Nov.  1886. 

"  Sea-level  and  Ocean  Currents." — Science,  October,  1886. 

"  Earthquakes,"— School  of  Mines  Quarterly,  Vol.  VIII.,  1886. 

"  Earthquakes— What  is  Known  and  Believed  of  them  by  Geolo- 
gists."—Trans.  N.  Y.  Acad,  Sci.,  Vol.  VI,  (1886),  p.  18. 

"  I'tnus  monophylla,  a  Variety  of /".  crfu/w."— Second  paper,  Bull. 
Torrey  Bot.  Club,  Vol.  XIII.,  October,  1886. 

1887. 

"The  Ancestors  of  the  Tulip  Tree." — Bulletin  Torrey  Botanical 
Club.  Vol.  XIV.,  January,  18:^7. 

"Origin  of  Graphite." —School  of  Mines  Quarterly,  Vol.  VIII., 
July.  1887. 

"  Grahamite  in  Colorado."— School  of  Mines  Quarterly,  Vol.  Vill, 
C1887),  p,  333. 

"  Kersantite,  a  New  Building  Stone." — School  of  Mines  Quarterly, 
Vol,  VIII,  (1887),  p.  33'- 

"The  Great  Falls  Coal  Field,  Montana." — School  of  Mines  Quar- 
terly, Vol.  VIlI  (1887),  p.  327. 

"Food  and  Fibre  Plants  of  the  North  .American  Indians," — Pop. 
Sci.  Monthly,  Vol.  XXXII.  (1887),  p.  31. 

"  Description  of  a  new  Species  of  Titanichthys'' — Trans.  N.  Y.  Acad. 
Sci..  Vol.  VI.  (1887),  p.  164. 

"  Fauna  and  Flora  of  the  Trias  of  New  Jersey  and  the  Connecticut 
Valley."— Trans.  N.  Y.  Acad.  Sci.,  Vol.  VI,  (1887),  p,  124, 

"CaSosleuSyS.  New  Genus  of  Fishes  from  the  Carboniferous  Lime- 
stone of  Illinois."— Trans.  N.  Y.  Acad.  Sci.,  Vol.  VI.,  (1887),  p.  137. 

"  A  New  Meteorite  from  Tennessee." — Trans.  N,  Y.  Acad.  Sci.,  Vol. 
VI.  (1887),  p.  160. 

"The  Probable  Future  of  Gold  and  Silver."— U.  S.  Consular  Re- 
ports. No.  87  (1887),  p.  420. 

"Synopsis  of  Historical  Geology," — Appleton's  Physical  Geogra- 
phy (1887). 
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"  Fossil  Fishes  and  Fossil  Plants  of  the  Triassic  Rocks  of  New  Jersey 
and  the  Connecticut  Valley." — Monograph,  XIV,,  U.  S.  Geol.  Surv. 
(1888). 

"  Structure  and  Relations  of  Edtstus'^ — Annals.  N.  Y.  Acad.  Sci., 
Vol.  IV.  (1888),  p.  103,  pi.  III. 

'■The  Coals  of  Colorado."— School  of  Mines  Quarterly,  Vol.  IX. 
C1888),  p.  327- 

"A  New  Sjjecies  of  Rhizodus  from  the  Mountain  Limestone  of  Illi- 
nois."—Trans.  N.  Y.  Acad.  Scj.,  Vol.  VII.  (1888),  p.  165. 

"  The  Fossil  Fishes  of  the  Erie  Shale  of  Ohio."— Trans.  N.  Y.  Acad. 
Sci.,  Vol.  VII,  (1888),  p.  17S. 

"  The  Pavements  of  the  Great  Cities  of  Europe,  with  a  Review  of 
the  Best  Methods  and  Materials  for  the  City  of  New  York." — Trans. 
N.  Y.  Acad.  Sci.,  Vol.  VIII.  (188S),  p.  41. 

"  The  Future  of  Gold  and  Silver."— School  of  Mines  Quarterly,  Vol. 

IX.  (1888),  p.  98. 

"The  Origin  of  the  Loess."— School  of  Mines  Quarterly,  Vol.  X. 
(1888),  p.  66. 

"  Marble  Deposits  of  the  Western  United  States." — School  of  Mines 
Quarterly,  Vol.  X.  (1888),  p.  69. 

"Triassic  Plants  from  Honduras." — Trans,  N.  Y.  Acad,  Sci,,  Vol. 
VII.(i888),  p.  113. 

"The  New  Oil  Field  of  Colorado  and  Its  Bearing  on  the  Question 
of  the  Genesis  of  Petroleum."- Trans.  N.  Y.  Acad.  Sci.,  Vol,  VIII., 
C1888),  p.  ^5- 

"Rhreiic  Plants  from  Honduras." — Amer.  Jour.  Sci,,  Vol,  XXXVI., 
(1888),  p.  342. 

"The  Clas^iification  of  American  Pjleeozoic  Rocks." — Report  of 
Amer.  Com.  to  the  International  Geological  Congress,  (i838). 

1889. 
"  The  Oil  Fields  of  Colorado."— School  of  Mines  Quarterly,  Vol.  X. 
{January,  1889),  p.  97. 

"The  Pavements  of  New  York.'" — School  of  Mines  Quarterly,  Vol. 

X.  (1889), 

"The  Man  of  Spy."  Notice  of  the  recent  discovery  of  two  nearly 
complete  skeletons  of  palaioJilhic  men  in  the  gravel  of  Spy,  near  Liege, 
Belgium. — Science,  March  29th,  1889. 

"Biographical  Sketch  of  Dr,  Barnard,'''— Report  of  the  Regents  of 
the  University  of  the  State  of  New  York,  1889. 

"  Ancient  Mining  in  North  America," — American  Antiquarian,  Vol. 

xr.  (1889),  p,  164, 
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''Coal  vs.  Natural  Gas." — Black  Diamond,  Aug.  3rd,  1889. 

"The  Laramie  Group,  lis  Geological  Relations,  its  Economic  Im- 
portance and  its  Fauna  and  Flora." — Trans,  N.  V.  Acad.  Sci,,Vol.  IX., 
No.  i,8vo.,  pp.  6(1889). 

■''ITie  Rock  Salt  Deposits  of  the  Salina  Group  in  Western  New 
York."— Trans.  N.  Y.  Acad.  Sci.,  Vol.  IX.,  No.  3  (1889). 

"The  Paleozoic  Fishes  of  North  America." — Monograph  XVI.,  U, 
S.  Geological  Survey  (1889),  410.,  pp.  218,  Plates  53. 


"The  Origin  of  Coal."— N.  Y.  Tribune,  Feb.  13th,    1890. 

"The  Laramie  Group."— Bull.  Geol.  Soc.  of  America,  Vol.  L,  524- 
54"  (1890). 

189  >. 

"The  Flora  of  the  Great  Falls  Coal  Field,  Montana." —Amer.  Jour. 
Sci.,  iii,  XLL,  191-301,  PI.  XIV.  (1891). 

Dr.  Newberry  was  also  one  of  the  editors  of  Johnson's  Encyclo- 
pfedia,  having  charge  of  Geology  and  Pal  a: ontology.  He  wrote  many 
articles  on  these  subjects  forits  pages. 

Biographical  sketches  of  Dr.  Newberry  have  been  published  in  all  the 
current  biographical  dictionaries  and  cyclopaedias.  Portraits  of  him 
appear  accompanying  such  sketches  in  "  Men  of  Progress,"  1870-71, 
p.  317,  and  "  Contemporary  Biography  of  New  York,"  Vol.  V.,  1887, 
p.  255.  The  Popular  Science  Monthly,  Vol.  IX.,  p.  491  (1876),  con- 
tains a  sketch  with  portrait,  and  in.  Fairchild's  History  of  the  New 
York  Academy  of  Sciences,  there  is  an  excellent  artotype.  Since  his 
death  memorials  have  already  appeared  with  portraits  in  the  Engineer- 
ing and  Mining  Journal,  Dec.  17,  1891,  p.  581,  and  the  Scientific 
American,  Dec,  31,  1892,  p.  423,  while  others  have  been  read  before 
our  principal  scientific  societies,  or  are  in  preparation  for  them.  Of  the 
tvo  portraits  accompanying  this  memorial  the  younger  was  taken  in 
1S64  and  the  older  in  1887. 

[Note.]  The  above  bibliography  was  prepared  in  its  essentials  by  Dr. 
Newberry  himself.  It  has  been  edited  by  J.  F.  Kemp  and  Arthur  Hol- 
lick,  by  whom  a  number  of  additions  not  in  the  original  draft  have 
been  made.  The  original  contained  no  references  between  1874  and 
1878.  Should  omissions  be  noted  by  any  friend,  the  editors  would 
be  grateful  if  their  attention  should  be  called  to  them. 
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STANDARDS  OF  LINEAR  MEASURE. 

Bv  EDWIN  P.  CLARK.  E.M. 

The  art  of  measuring  consists  of  ascertaining  how  many  times 
the  object  measured  contains  a  certain  fixed  and  determinate  quan- 
tity known  as  the  unit.  The  unit  is  physically  represented  by 
some  object  universally  recognized  as  exactly  defining  it,  which  is 
called  a  standard.  In  practical  use,  measures,  whose  relation  to 
the  standard  are  known,  are  i^:>pUcd  directly  to  the  distance  or  sub- 
stance sought  to  be  measured. 

"The  want,  at  least  of  measures  of  length,  is  founded  in  the 
physical  organization  of  individual  man,  and  precedes  the  institu- 
tion of  society.  Were  there  but  one  man  upon  earth,  a  solitary 
savage,  ranging  the  forests  and  supporting  his  existence  by  a  con- 
tinual conflict  with  the  wants  ol  his  nature,  and  the  rigor  of  the 
elements,  the  necessities  for  which  he  would  be  called  to  provide 
would  hQ/ood,  raime'it,  shelter.  To  provide  for  the  wants  of  food 
and  raiment,  the  first  occupation  of  his  life  would  be  the  chase  of 
those  animals,  the  flesh  of  which  serves  him  for  food,  and  the  skins 
of  which  are  adaptable  to  his  person  for  raiment.  In  adapting  the 
raiment  to  his  body  he  would  find  at  once,  in  his  own  person,  the 
want  and  the  supply  oC  a  standard  measure  of  length,  and  of  the 
proportions  and  subdivisions  of  that  standard. 

"  To  the  construction  of  a  dwelling  place,  superficial  measure  be- 
comes essential,  and  the  dimensions  of  the  building  still  bear  a 
natural  proportion  to  those  of  its  destined  inhabitants.  Vessels 
of  capacity  are  soon  found  indispensable  for  the  supply  of  water; 
and  the  range  of  excursion  around  the  dwelling  could  scarcely  fail 
to  suggest  the  use  of  a  measure  of  itinerary  distance.  Measures 
of  length,  therefore,  are  the  wants  of  individual  man,  independent 
of  and  preceding  the  existence  of  society.  Measures  of  surface, 
of  distance,  and  of  capacity,  arise  immediately  from  domestic  so- 
ciety. Itinerary  measure,  as  it  needs  nothing  more  than  thepro- 
longaticn  or  repetition  of  linear  measure,  would  seem  at  the  first 
view  to  be  the  same.  Yet  this  is  evidently  not  the  progress  of 
nature.  As  the  want  of  it  originates  in  a  diflerent  stage  of  human 
existence,  it  will  not  naturally  occur  to  man  to  use  the  same  meas- 
ure, or  the  same  scale  of  proportions  and  numbers,  to  clothe  his 
body  and  to  mark  the  distance  of  his  walks.     On  the  contrary,  for 
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the  measurement  of  all  objects  which  he  can  lift  and  handle,  the 
fathom,  the  arm,  the  cubit,  the  hand's-breadth,  the  span,  and  the 
fingers,  are  the  instruments  proposed  to  him  by  nature;  while 
the  pace  and  the  foot  are  those  which  she  gives  him  for  the  meas- 
urement of  itinerary  distance."* 

Aside  from  theoretical  considerations,  it  is  the  fact  that  the  use 
of  measures  is  very  ancient,  and  precedes  the  earhest  ages  of  which 
we  have  any  accurate  historical  knowledge.  Josephus  says  that 
Cain  invented  weights  and  measures  when  he  departed  into  the 
land  of  Nod  and  built  a  city.  The  Egyptians  attributed  their 
invention  to  Thoth,  the  god  of  letters,  and  the  Greeks  to  Hermes 
— Mercury. 

Frequent  attempts  have  been  made,  from  time  to  time,  by  sci- 
entific men  and  others,  to  show  that  the  ancient  Egyptian  system 
of  weights  and  measures  was  founded  upon  the  ascertained  length 
of  a  degree  of  the  meridian ;  that  there  was  a  scientifically  deter- 
mined relation  between  the  units  of  measure  of  length,  weight,  and 
capacity;  and  that  the  various  measurements  of  the  great  pyra- 
mid'of  Gizeh  were  intended  to  indicate  these  units,  and  also,  by 
their  multiplication,  as  shown  in  its  different  dimensions,  to  pro- 
phetically announce  some  of  the  most  important  events  of  the 
world's  history.  These  hypotheses  rest  upon  no  valid  foundation 
whatever,  it  having  been  shown  that  the  agreement  between  these 
ancient  measures  and  their  supposed  unit  is  only  fanciful,  and  dis- 
appears upon  close  investigation  and  accurate  measurement;  it 
being  also  well  known  that  the  necessary  scientific  knowledge  and 
skill  for  performing  such  a  task  as  the  measurement  of  a  portion  of 
a  meridian  of  the  earth  did  not  exist  in  the  remote  ages  when  the 
measures  were  invented,  or  evet^  when  the  pyramid  was  built. f 
Dr.  Heinrich  Brugsch,  in  an  article  on  "Die  Geschlchte  vom 
Pfund,"  in  a  recent  number  of  Die  Gartentaube,  states  that  the 
basis  of  the  measures  of  the  ancients,  finally  settled  upon  after 
long  search  and  many  observations,  was  the  diameter  of  the  sun's 
disc  as  it  looks  to  the  human  eye,  viewed  from  the  earth  at  the 
time  of  the  equinox,  being  equivalent  to  two  cubits.  This  is  purely 
an  imaginary  idea,  and  lacks  all  semblance  of  accuracy,  for  it  is 
perfectly  apparent  that  the  diameter  of  the  sun  can  be  made  equal 


•  John  Qoincy  Adini%  Report  upon  Weights  and  Mea5urcs,  Phil.,  l8ai,  pp.  6-7. 

f  FoT  an  exhaustive  exAmination  of  this  bubjecl,  and  a.  refutation  of  the  hypotheses 

abore  menlione<i,  see  Pres.   F.  A.  P.  Barnard,  "  Metrology  of  the  Great  Pyramid," 

School  OF  Mines  Quarterly,  V.  Nos.  i,  3,  and  4,  pp.  97,  193,  i%g,tts<q. 
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to  one  inch,  one  foot,  or  one  yard,  according  to  the  distance  from 
the  eye  at  which  the  measure  is  held. 

There  can  be  little  doubt  but  that  all  measures  of  length  were 
uhimately  derived  from  parts  of  the  human  body,  although,  it  is  to 
be  observed,  that  they  are  generally  longer  than  the  average  length 
of  the  respective  parts  of  the  body  from  which  they  are  taken 
and  named,  which  evidently  indicates  that  they  were  derived  from 
the  members  of  some  man,  a  chieflain  or  leader,  above  the  average 
stature.  "  The  actual  employment  of  dimensions  of  the  human 
body  for  the  purpose  of  determining  the  unit  of  length  is  not,  as 
one  might  be  inclined  to  think,  a  matter  of  a  very  remote  past,  in 
proof  of  which,"  the  following  quotatitw  is  made  from  a  German 
work  on  surveying  by  Jacob  Koebel,  published  about  ISSO:  "To 
find  the  length  of  a  rood  in  the  right  and  lawful  way,  and  accord- 
ing to  scientific  usage,  you  shall  do  as  follows :  Stand  at  the  door 
of  a  church  on  a  Sunday,  and  bid  sixteen  men  to  stop,  tall  ones 
and  small  ones,  as  they  happen  to  pass  out  when  the  service  is 
finished  ;  then  make  them  put  their  left  feet  one  behind  the  other, 
and  the  length  thus  obtained  shall  be  a  right  and  lawful  rood  to 
measure  and  survey  the  land  with,  and  the  sixteenth  part  of  it  shall 
be  a  right  and  lawful  foot."  "* 

The  distance  from  the  point  of  the  elbow  to  the  end  of  the  mid- 
die  finger,  being  a  sharply  defined  and  readily  applicable  unit  of 
length,  seems  to  have  been  the  most  ancient  and  universal  standard. 
This  is  the  distance  known  as  the  culnt.  We  also  have  the  digit, 
thumb,  palm,  hand-breadth,  span,  foot,  pace  and  fathom,  and  also 
the  yard,  which  was  derived  originally  from  the  Saxon  gyrdan, 
girth.  As  these  measures  came  into  use  independently,  at  different 
times  and  places,  they  varied  greatly  among  themselves,  and  were 
not  necessarily  commensurate  with  each  other,  although  there  was 
a  generally  recognized  proportion  between  them,  shown  by  the  fol- 
lowing table: 

Paru. 

Digit  (bie.idth  of  the  middle  part  of  the  first  joint  of  the  forefinger),       i 
Palm  qr  liand-liteadth, 4       ' 

Fool I6 

Cubil, 24 

Step  or  singlfi  pace, 40 

Double  pace, 80 

Fatbum  (diiitance  between  tips  of  fingers  when  anns  extended),      .  96 

*  E.  A.  Gieseler,  C.E.,  "  Standard  Measures,"  JeumiU  ef  the  Franktm  InttitiUe, 
126,  3ser.,96,  pp.  115-16. 
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Units  of  measure  were  transmitted  from  one  people  to  another 
by  means  of  commerce,  and  thereby  a  certain  amount  of  uniform- 
ity arose  as  the  standards  of  some  one  people  came  to  be  accepted 
over  a  large  area  and  local  units  gradually  abandoned.  This  is 
the  case  with  weights  to  a  greater  extent  than  with  measures. 
The  Phcenician  weights  spread  all  through  the  Mediterranean 
countries,  the  Persian  through  Asia  Minor,  and  the  Assyrian 
through  Egypt.  Nevertheless,  as  there  was  no  scientific  basis  of 
ancient  metrology  and  no  ideas  of  accuracy  as  defined  by  modern 
scientific  methods,  even  these  ultimate  crystallized  standards  of 
ancient  times  varied  considerably,  not  only  at  diflerent  times  and 
places,  but  even  at  the  same  time  and  place.  Evidence  is  not 
lacking  that  the  units  were  suddenly  and  arbitrarily  altered  at 
times  (sometimes  for  the  purpose  of  modifying  taxation),  by  the 
orders  of  sovereign  rulers  or  by  the  priestly  custodians  of  the 
standards.  Special  systems  grew  up  for  the  use  of  special  trades 
or  communities,  or  for  dealing  in  special  commoditifs.  Eventu- 
ally the  greatest  confusion  arose,  which  was  remedied  by  a  com- 
plete reorganization.  A  sort  of  natural  history  of  the  development 
of  measures  might  be  outlined  according  to  the  following  steps: 
1,  Primitive  personal  measures. 

II.  Primitive  standard  units  and  original  systems. 

III.  Combined  and  expanded  series  of  measures.  Royal  and 
priestly  systems.     Special  trade  systems. 

IV.  Confusion,  giving  rise  to  uncertainty,  injustice  and  dishon- 
est practices. 

V.  Reorganization.* 

"  Most  ancient  measures  have  been  derived  from  one  of  two 
great  systems,  that  of  the  cubit  of  20.63  inches  (British  standard), 
or  the  digit  of  .729  inch ;  and  both  these  systems  are  found  in  the 
earhest  remains. "f 

This  cubit  of  20.63  inches  was  the  standard  used  in  building  the 
great  pyramid  where  its  value  is  20.620  inches.  It  is  the  unit  of 
several  Egyptian  monuments,  and  has  come  down  to  modern  times 
actually  displayed  by  several  cubit  rods  constructed  approximately 
1000  years  B.C.,  which,  taken  together,  average  20.65.  ft  is 
found  also  in  Babylonia,  Assyria  and  Asia  Minor.     Ten  ancient 

*  L.D'A.  Jackson,  jl/m/>/-«  Mttrolcgy.     Lon<loii,  iSSi.      Pp.  7,  8,  9. 
t  W.  M.  Flinders  Peine,  Encyite.  Brit.,  xxiv.,  p.  483.     The  data  for  the  para- 
gnpb$  immedititely  following  are  taken  from  this  source. 
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buildings  in  all  give  a  mean  of  20,63  inches.  It  was  specifically 
divided  into  fifths,  the  foot  of  three-fifths  being  as  important  as  the 
cubit  The  Greek  derivative  from  this  20.63  '"ch  cubit  was  the 
foot  of  12.4s  inches  {\  of  20.75),  which  originated  in  Babylonia- 
This  is  the  most  usual  Greek  unit ;  thirteen  buildings  give  an  aver- 
age of  12.4s  inches.  It  can  probably  be  traced  to  Roman  Britain, 
and  seems  to  appear  in  the  English  medieval  building  foot  of  1247 
inches.  As  derived  from  this  20.63  inch  cubit  we  also  find  the 
13.8  inch  foot  used  as  the  standard  of  Pergamos,  and  a  cubit  of 
17.30  inches,  which  appears  in  certain  Persian  buildings  and  in 
Asia  Minor. 

The  other  system  mentioned  as  founded  upon  the  digit  of  .729 
inch  was  also  of  wide  extension  in  use  during  ancient  times.  It  is 
sometimes  stated  that  it  was  derived  from  the  other  system ;  but 
this  is  an  error,  as  the  two  systems  are  in  fact  incommensurate. 
This  confusion  arose  from  the  division  of  the  20.63  '"<^''  c\^A  into 
28  digits,  each  of  which  varies  slightly  from  .729  inch,  their  incom- 
mensurability becoming  apparent,  however,  when  greatly  multi- 
plied. On  some  cubit  rods  it  has  been  found  that  the  first  24 
digits  were  made  less  than  -^  of  the  cubit  in  order  to  agree  with 
the  true  digit  standard,  the  remaining  four  being  lengthened  to  fill 
up  the  20.63  inches.  This  digit  is  found  as  a  standard  in  Egypt, 
Asia  Minor,  Syria,  Persia  and  Assyria,  particularly  at  Nimrud. 
We  find,  as  derived  from  it,  a  cubit  of  18,23  inches  (25  X  .729), 
which  has  no  relation  to  the  20,63  inch  cubit.  This  was  probably 
the  cubit  in  use  among  the  Hebrews  in  the  time  of  the  kings.  It 
also  seems  to  be  the  Olympic  cubit.  The  Greeks  also  obtained  a 
foot  by  taking  V^  of  this  cubit.  This  foot  is  not  found  in  many 
buildings,  but  was  the  unit  for  land  measure.  The  Italian  or  Ro- 
man foot  of  1 1.62  inches  (16  X  .7^6)  is  also  evidently  derived  from 
this  same  system,  although  possibly  indirectly  from  Greece,  some 
authorities  stating  this  to  be  the  length  of  the  Attic  foot. 

Besides  the  standards  traced  from  these  two  units  there  were 
several  others  known  to  the  ancients  which  cannot  be  connected 
with  either;  these  were  the  25,1  inches  cubit  of  the  Talmudic 
temple  measures,  and  royal  Assyrian  and  Persian  use;  the  21.6 
inches  cubit  in  use  among  the  Jews  after  the  captivity,  among  the 
Assyrians  and  in  Asia  Minor,  half  of  which  made  the  Assyrian 
foot  of  10.8  inches,  also  known  as  the  South  Italian  or  Oscan  foot ; 
this  cubit  seems  to  be  indicated  in  prehistoric  remains  in  Britain  and 
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early  Christian  buildings  m  Ireland.  Among  independent  units 
are  also  found  the  22,2  inch  cubit  of  Carthage;  the  20.0  inch  and 
the  19.2  inch  cubits  found  in  some  ancient  buildings  ;  and  the  13.3 
inch  foot  found  in  Asia  Minor,  whence  it  passed  to  northern 
Greece  and  seems  to  reappear  as  the  Belgic  foot  of  the  Tungri, 
which  passed  over  to  England,  where  it  was  the  most  common 
building  foot  up  to  the  15th  century,  averaging  13.22  inches. 

The  foot,  equal  to  one-sixth  of  the  fathom  and  one-fifth  of  the 
double  pace,  is  the  unit  in  practical  use  among  the  English-speak- 
ing peoples  at  the  present  time.  It  seems  to  be  derived  from 
Greece,  where  tradition  states  that  it  was  regulated  by  the  foot  of 
Hercules.  From  Greece  its  use  spread  over  western  Europe,  but, 
from  the  tendency  of  measures  to  vary  in  copying  for  transmission 
from  one  people  to  another,  and  more  particularly  from  the  fact 
that  the  unit  was  also  originated  independently  in  some  places, 
the  greatest  variety  has  been  found  among  standards  generically 
known  as  foot  measures.  The  Pythic  foot  had  a  value  of  9  and  ^ 
of  our  inches;  that  of  Geneva,  19  inches.  "  In  Italy  there  existed 
in  the  year  1832,  215  foot  measures  of  different  length;  and  in 
Germany,  at  the  beginning  of  this  century,  there  were  certainly  not 
any  less,  probably  many  more."  Some  of  these,  with  their  lengths 
expressed  approximately  in  British  inches,  are  as  follows : 


Thore 10.46 

Cologne '0.74 

Saxony 11.14 

Hambui^ I  l.lS 

Bremen, tl.39 

Bavaria, tl.49 

Halle 11.72 

Leipzig, 13.01 

Prussia, '^-35 

Vienna, 12.43'' 

Official  standards  have  been  made  and  preserved  by  most 
nations ;  among  the  ancients  they  were  considered  sacred,  and 
were  usually  kept  in  temples  in  priestly  custody.  These  ancient 
standards  must  have  been  arbitrary  lengths  of  wood  or  metal, 
which  deteriorated  by  use  and  thus  lost  their  true  value.  Modern 
standards  of  length  are  of  two  kinds  known  as  end  r 

•  Gieseler,  Jour.  Fr.  Insl.,  1J6,  pp.  116, 117 
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line  measures.  In  the  former  the  length  of  the  unit  is  defined  by 
the  distance  at  a  certain  temperature  between  their  ends;  in  the 
latter  it  is  defined  by  the  distance  at  a  certain  temperature  between 
two  lines  drawn  on  their  surface  at  right  angles  to  the  direction  of 
their  length. 

In  modern  times  it  has  been  attempted  to  unite  the  units  of 
measure  of  length,  capacity  and  weight  into  systems  with  relations 
scientifically  determined  and  accurately  defined,  generally  making 
the  unit  of  length  the  foundation  of  the  whole  structure.  In 
formulating  such  a  system  two  questions  present  themselves  at 
the  outset.  "  What  is  intrinsically  the  best  and  most  available 
unit  of  linear  measure  to  adopt  as  a  basis  ;  and  secondly,  what  sys- 
tem of  numerical  multiplication,  and  aliquot  subdivision  of  such 
unit  is  most  advantageous  ?"*  The  principal  systems  that  have 
been  used  for  mulfiplication  and  subdivision  are  : 

I.  The  binary,  by  halves  and  doubles,  which  has  been  found  the 
most  advantageous  for  practical  commercial  purposes. 

II.  The  duodecimal,  which  also  admits  very  readily  of  both 
binary  and  ternary  subdivision. 

III.  The  decimal,  which  is  most  convenient  for  calculation,  but 
is  sorr.evvhat  awkward  when  applied  to  the  daily  purposes  of  trade. 

IV.  Mixed  systems,  such  as  the  sexagesimal,  co^vAMvim^  the 
principles  of  two  or  more  of  the  foregoing. 

In  considering  the  first  question  it  is  obvious  that  standards  de- 
rived from  the  human  body  are  not  susceptible  of  reference  to  a 
fixed  invariable  unit ;  neither  are  those  derived  from  cereal  grains 
or  other  natural  objects  of  which  the  unit  is  supposed  to  represent 
an  average.  "  We  are  driven,  then,  in  our  choice  of  a  univtrsd 
standard,  to  the  selection  either  of  some  individual  object  {if  such 
there  be),  natural  or  artificial,  imperishable  in  its  nature,  unsuscep- 
tible of  variation  by  lapse  of  time  or  decay,  and  indestructible  by 
accident — or  else,  to  some  ideal  or  resultant  length  or  magnitude 
(if  such  there  be),  susceptible  by  its  definition  of  being  as  it  were 
translated  into  a  material  expres.sion,  and  marked  out  as  the  result 
of  some  process  which  we  are  sure  will,  in  all  ages  and  places,  re- 
produce the  same  identical  result.  And  besides  these  qualities  of 
invariability,  indestructibility  and  identical  reprodiicibility,  it  ought 
to  possess  some  obvious  claim  to  general  acceptation  as  of  com- 

•  Sir  John  Herscliel,  "lecture  on  ihe  Pendulum,  the  Yard,  and  the  Metre,"  » 
publi&heil  in  Davies'  Metric  Sys/em,  pp.  298,  299. 
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mon  interest  to  all  mankind,  or  at  least  to  all  the  civilized  portion 
of  it ;  an  interest  from  which  national  partialities  and  rivalries  should 
bealtogetherexcluded."*  For  this  purpose  several  different  objects 
have  been  suggested.  The  most  prominent  are  the  seconds  pen- 
dulum, and  the  fractional  part  of  a  meridian  of  the  earth,  concern- 
ing both  of  which  we  shall  have  more  to  say  hereafter.  There 
have  also  been  proposed  the  length  of  a  wave  of  monochromatic 
light,  the  velocity  of  light  or  the  space  travelled  over  by  light  in 
some  definite  time,  a  fractional  part  of  the  equator,  and  the  polar 
diameter  of  the  earth,  which  has  been  found  to  be  very  nearly 
500,500.000  (mean  500,492,732.8)  British  inches.  The  great  prac- 
tical difticuhies,  and  in  fact,  apparent  impossibility  of  deriving  ab- 
solutely invariable  results  from  observations  of  nature,  has  almost 
led  to  the  abandonment  of  this  idea  of  "natural  standards,"  and 
the  establishment  of  arbitrary  standards,  reliance  being  placed  upon 
keeping  them  intact,  and  having  them  duplicated  and  preserved 
in  several  different  depositories.  Recent  experiments,  however, 
tend  to  show  that  the  relation  of  a  standard  to  the  length  of  a  wave 
of  monochromatic  light  can  be  determined  to  within  one  part  in 
ten  millions  with  ease  and  certainty.  The  brilliant  green  mercury 
line  seems  to  be  the  best  adapted  for  this  purpose. f  Frof.  Michel- 
son  has  been  experimenting  with  his  method  at  the  International 
Bureau  at  Breteuil  during  the  last  summer  with  great  success,  and 
the  probabilities  are  that  a  "  natural "  standard  will  be  established 
in  the  manner  suggested  by  him. 

The  Dutch  philosopher  Huyghens  first  demonstrated  that  the 
times  of  vibrations  of  pendulums  depend  entirely  on  their  lengths. 
"He  discovered  that  if  a  simple  pendulum  (i>.,  a  weight  or  bob 
consisting  of  a  single  point,  and  hung  by  a  rod  or  string  of  no 
weight)  can  be  made  to  describe,  not  a  circle,  but  a  cycloid  of 
which  the  string  would  be  the  radius  of  curvature  at  the  lowest 
point,  all  its  vibrations,  however  large,  will  be  performed  in  the 
same  time.  For  a  little  distance  near  the  bottom,  the  circle  very 
nearly  coincides  with  the  cycloid ;  and  hence  for  small  arcs,  a 
pendulum  vibrating  in  a  circle  is  nearly  isochronous."  The  arc 
of  vibration  should  not  exceed  1°  30'.     "The  relation  between 

•  Herschel,  Hid.,  |>p.  303,  304. 

t  Albert  A,  Michelson  and  Edward  W.  Morley,  "Ou  the  FeasibilHy  of  Eslablish- 
ing  a  Lighl-Wave  as  Ihe  Ullimale  Standard  of  Length,  Am.  Jour.  ScUace,  138,  p. 

181  (t  Itf.,  SK\it.,   1SS9. 
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the  time  or  vibration  and  the  length  of  a  pendulum  is  expressed 
thus: 


'=-JF 


where  /  is  the  time  in  seconds  of  one  vibration,  /  the  length  of  the 
pendulum,  and  g  the  force  of  gravity  at  the  place  where  it  is  in- 
tended to  vibrate."*  From  the  fact  that  the  earth  is  not  a  sphere 
but  an  oblate  spheroid  the  force  of  gravity  is  variable  at  diferent 
latitudes,  hence  £"  is  a  different  quantity  for  each  place  of  observa- 
tion. By  transposition  of  this  formula  the  theoretical  length  of  a 
seconds  pendulum  can  be  obtained  for  any  particular  locality.  A 
good  empirical  formula  for  determining  the  length  of  a  seconds 
pendulum,  in  vacuum,  at  sea  level  and  62°  F.  in  British  inches  is 

/=  39,01307  +  (.20644  X  sin'  Lat.). 

This  is  deduced  from  44  of  the  most  uniform  of  some  52  observa- 
tions of  the  length  of  the  seconds  pendulum  in  different  latitudes.f 

About  1670  Huyghens  conceived  the  idea  of  establishing  a 
standard  of  linear  measure  from  the  seconds  pendulum,  which  he 
proposed  to  divide  into  three  parts  called  "  horary  feet,"  each  of 
which  would  be  about  13  inches  long;  this  proposition  was  also 
endorsed  by  Picard  in  1671,  and  an  analogous  one  was  made  by 
Thomas  Jefferson  in  1790.  Neither  the  exact  length  of  the 
seconds  pendulum  nor  any  aliquot  part  of  it  has  ever  been  estab- 
lished as  a  standard,  but  several  standards  have  been  compared 
with  it  and  their  relations  to  it  determined,  and  in  some  cases  de- 
clared by  statute. 

As  the  construction  of  a  simple  pendulum  is  a  physical  impos- 
sibility, it  is  necessary,  for  purposes  of  observation,  to  use  a  body 
of  finite  dimensions,  called  a  compound  or  material  pendulum, 
which  can  be  considered  as  a  rigid  combination  of  a  number  of 
simple  pendulums  vibrating  around  a  common  axis.  In  order  to 
determine  the  time  of  a  vibration  of  a  simple  pendulum  from  that 
of  a  compound  one,  we  must  first  find  the  centre  of  oscillation, 
i.e.,  a  point  which,  if  it  vibrated  alone  around  the  point  of  suspen- 
sion, would  have  the  same  duration  of  vibration  as  the  entire 

•  Sir  Edmund  Becketl,  Encyel.  Bril.,  vi,  p.  14. 

t  S.  C,  Walker  in  Jour.  Frank.  Inst.,  17,  New  Series  13,  p.  lol  it  siq.;  gives 
elabotale  formula  for  reduction  anil  correction  of  observations. 
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body,  or,  in  other  words,  the  point  at  which  the  whole  mass  of  the 
pendulum  can  be  considered  as  concentrated,  thus  forming  a  sim- 
ple pendulum.  "The  distance  of  the  centre  of  oscillation  from 
the  point  about  which  the  rotation  takes  place,  or  the  length  of 
the  simple  pendulum  having  the  same  duration  of  oscillation  as 
the  compound  pendulum,  is  equal  to  the  moment  of  inertia  of  the 
compound  pendulum  divided  by  its  statical  moment,  or  the 
moment  of  its  mass."  Then,  having  observed  experimentally  the 
number  of  vibrations  of  the  compound  pendulum  in  a  given  time, 
the  length  of  the  simple  pendulum  beating  seconds  is  easily  deduci- 
ble,  as  "the  number  of  oscillations  is  inversely  proportional  to  the 
square  root  of  the  length  of  the  pendulum,"* 

The  observations  must  be  corrected  for  elevation  above  sea- 
level,  temperature,  barometric  pressure,  specific  gravity  of  the 
pendulum  used,  "  vibrating  specific  gravity,"  amplitude  of  arc  of 
vibration  and  the  retarding  influence  of  air  adhering  to  the  swing- 
ing body ;  as  the  oocfFicients  for  these  corrections  are  not  abso- 
lutely determined,  sources  of  error  arise,  and  as  more  recent  inves- 
tigations tend  to  show  that  the  force  of  gravity  at  any  place  is 
dependent  upon  the  density  of  the  earth's  crust  immediately  under- 
neath, and,  furthermore,  that  not  only  the  polar  circumference  of 
the  earth,  but  also  the  equator,  is  elliptical,  thus  rendering  the 
theoretical  determination  of  the  value  oi  g  uncertain,  the  solution 
of  the  exact  relation  between  the  seconds  pendulum  and  a  stand- 
ard measure  becomes  a  very  difficult  problem,  and  too  unreliable 
for  dependence  to  be  placed  upon  it  for  reconstruction  of  an  abso- 
lutely invariable  standard  whenever  that  should  become  necessary. 
Besides  the  plain  compound  pendulum,  various  others  have  been 
used,  such  as  Kater's  reversible  pendulum,  Whitehurst's  differen- 
tial pendulum,  Leslie's  pendulum  rod,  etc. 

In  1718  the  astronomer  Cassini,  in  his  book  De  la  Grandeur  de 
la  Terre,  first  proposed  another  unit,  the  six-thousandth  part  of  a 
minute  of  a  degree  of  a  great  circle  of  the  earth.  This  would  be 
nearly  equal  to  one  foot,  British  standard.  Nothing  followed  from 
this  suggestion. 

The  first  measurement  of  part  of  a  meridian  of  the  earth  o( 
which  any  record  is  known  was  made  by  Eratosthenes  some  two 
centuries  B.C,     The  Arabian  astronomers  gave   some   attention 


*  Julias  Weisbach,  TheerttUal  Makanits,  trans,  by  Coxe,  pp.  648-666. 
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to  the  subject,  but  the  first  attempt  to  carry  on  such  a  work  by 
accurate  methods  was  made  by  the  Dutch  geodosist,  Willebrod 
Snelt,  in  1617,  From  that  time  until  1735,  this  and  the  correla- 
tive question  of  the  figure  of  the  earth  engaged  the  attention  of 
philosophers.  Sir  Isaac  Newton,  in  his  Principia,  demonstrated 
that  the  earth  was  not  a  sphere  but  an  oblate  spheroid.  The 
astronomers  Cassini,  from  the  results  of  their  measurements  of  a 
portion  of  a  meridian  in  France,  inferred  that  it  was  a  prolate 
spheroid.  This  became  a  ver^'  important  question,  and  the  French 
Academy  of  Sciences  "  determined  to  apply  a  decisive  test  by  the 
measurement  of  arcs  at  a  great  distance  from  each  other,"  Ac- 
cordingly, two  expeditions  were  sent  out;  the  first,  in  1 73 S,  pro- 
ceeded to  Peru,  where,  after  ten  years  of  labor,  they  measured  an 
arc  of  3°  7'  intersected  by  the  equator;  the  other,  in  1736,  pro- 
ceeded to  Lapland,  where  an  arc  of  57'  was  measured.  These 
obser/ations  proved  that  the  earth  was  an  oblate  spheroid.*  The 
standard  measure  used  by  these  expeditions  was  the  toise.  That 
brought  back  by  the  Peru  expedition  was  made  the  standard  of 
France,  at  the  temperature  of  61  °  F.,  and  was  known  as  the  "  toise 
de  Peru."  It  took  the  place  of  the  "  Chatelet  toise,"  which  was  a 
standard  iron  bar  let  into  the  steps  of  the  "  Chatelet "  in  Paris,  in 
1668,  and  which  had  been  the  standard  since  that  time.  The 
"toise  de  Peru"  is  equivalent  to  6,39453348  British  feet.t 

In  the  year  1796  Tallyrand  proposed  to  the  members  of  the 
Constituent  Assembly  of  France  the  establishment  of  a  new  system 
of  metrology  on  a  single  and  universal  unit.  A  commission  was 
to  be  appointed  which  should  consult  with  a  similar  English  com- 
mission and  take  into  consideration  the  whole  subject.  Accord- 
ingly, the  Enghsh  government  was  invited  to  co-operate  in  this 
work,  but  from  the  distrust  engendered  by  the  progress  of  the 
revolution  in  France,  no  response  was  made  to  this  invitation.  A 
decree  was  passed  by  the  Assembly  and  sanctioned  by  Louis  XVI. 
on  the  22d  of  August,  1790,  under  which  a  commission  of  five 
members  of  the  Academy  of  Sciences  was  appointed,  who,  after  a 
careful  consideration  of  the  three  elementary  bases  proposed  for  a 

*  Col.  A.  R.  CUrlte,  R.E,  F.R.S.,  Emeycle.  Bril.,  \\\.,  pp.  597,  598, 
j-  Foi  an  hislorical  account  of  Ihe  tuise  and  other  sl.indards,  see  [he  annual  uddress 
of  Dr.  WilliiTn  Harkness.  Pres.  of  the  Philosoph.  Sue  of  Wash,,  on  "The  Progrens 
of  Science  ai  Exemplified  in  the  Art  of  Weighing  and  Measuring,"  delivered  Dec. 
10,  l%&J,—Nnlure,  ^o,  pp.  376  el  itg. 
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standard, — the  seconds  pendulum,  a  quadrant  of  the  equator,  and 
a  quadrant  of  a  meridian, — adopted  the  last  because  it  was  more 
accessible  than  the  second,  and  could  be  ascertained  with  the 
utmost  precision.  They  rejected  the  pendulum  because  it  involved 
the  additional  element  of  time.  They  determined  that  the  one 
ten-millionth  part  of  a  quadrant  of  the  meridian  of  Paris  should  be 
the  unit;  this  was  afterwards  named  the  metre.  An  arc  of  this 
meridian  from  Dunkirk  on  the  northern  coast  of  France  to  Barce- 
lona, Spain,  was  measured  by  Mechain  and  Delambre.  The  work 
was  commenced  in  1793,  and,  after  some  interruptions  due  to  the 
troubles  of  the  French  Revolution,  completed  in  1798.  It  is  in- 
teresting to  note  in  passing  that  the  two  base  lines,  each  of  about 
7  miles  in  length  and  over  400  miles  apart,  checked  up  within  10 
or  1 1  inches.  This  furnishes  a  criterion  of  the  care  and  accuracy 
displayed  in  the  work.  On  the  completion  of  the  work  the  length 
of  the  metre  was  determined,  and  a  platinum  standard  constructed 
called  the  "  Metre  des  Archives,"  which  was  declared  to  be  the 
fundamental  standard  of  the  French  system  of  weights  and  meas- 
ures. Several  iron  metre  bars  were  made  for  distribution  among 
the  members  of  the  committee  having  charge  of  the  work,  which 
had  been  enlarged  by  the  addition  of  representatives  from  some  of 
the  other  nations  of  Europe.  One  of  these  bars  came  into  the 
possession  of  the  United  States  Coast  Survey  through  Mr.  Hass- 
ler.  The  length  of  the  metre  in  relation  to  the  British  standard 
has  been  variously  determined,  as  shown  in  the  following  table,  in 

By  ihe  French  Academy,         ....  39.3827  

1817-32.  by  Mr.  Hassler  (Amer),    ...  39  380917  39-36994 

1818,  byCaprain  Ka(er(ltric.),         .         .        .  39  37079  39-36990 

1835.  by  Sir  Francis  Baily  (Urit  ),     .         ,         .  39369678  39.36973 

1866,  by  Col.  A.  R.  Clarke,  R,E.  (Brit.), .       , ,  39.370432  39  36970 

1882,  by  r*rof.  W.  A.  Rogers  (Amer.),      .        .  39.37017  

l885,by  C.  B.ComslocltCAmer.},    .        .         .  39-36985  3936984 

ln<fiscriminale  mean 39.36980 

which  the  second  column  presents  the  results  obtained  by  reducing 
some  of  the  determinations  of  the  first  column  to  terms  of  the 
"Committee  metre  bar"  of  the  United  States  Coast  Survey,  men- 
tioned above,  by  making  the  necessary  corrections  for  difference 
of  temperature  of  comparison  (the  metre  having  been  declared  to 
be  standard  at  o"  C.  ( =  32°  F.),  whereas  the  British  standard  is 
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estimated  at  a  temperature  of  62°  F.),  difference  in  expansibility 
of  the  various  metals  of  which  the  standards  compared  were  con- 
structed, etc.* 

By  experiments  conducted  by  the  Academy,  at  the  time  of  the 
determination  of  the  metre,  it  was  determined  that  the  seconds 
pendulum  in  vacuum,  at  32°  F.,  at  sea-level  in  the  latitude  of  Paris, 
equals  .99385  metres. 

In  computing  the  length  of  the  meridian  of  Paris,  the  mean 
ellipticity  of  the  earth  as  determined  by  the  previous  measure- 
ments made  in  France  and  Peru,  was  taken  at  ^^th.  More  accu- 
rate and  numerous  measurements  on  various  parts  of  the  earth's 
surface  have  demonstrated  that,  not  only  the  meridional  section  of 
the  earth  is  elliptical,  but  that  the  equator  is  also  elliptical,  its 
longer  axis  passing  through  long.  8"  1 5'  f  W,  from  Greenwich,  and 
its  shorter  through  long.  81°  45'  E.f  Consequently  the  sections 
through  different  meridians  give  different  curves,  the  mean  merid- 
ional ellipticity  of  ths  earth  being  about  ^^,  and  that  of  the 
Paris  meridian  about  ^i^-  ^t  consequently  follows  that  the  me- 
tre is  //o/the  natural  standard  that  it  was  intended  to  be,  being  too 
short  by  about  i  part  in  6404,  of  about  yj^  of  an  inch.J 

"  In  1866,  the  copies  of  the  legal  French  standards  in  use  in  dif- 
ferent countries  differed  among  themselves,  and  their  relation  to 
their  prototypes  was  not  known  with  a  degree  of  precision  in  keep- 
ing with  the  requirements  of  science;  and  the  standards  of  the 
archives  themselves,  made  in  the  latter  part  of  the  last  century, 
were  not  constructed  with  the  degree  of  perfection  attainable  in 
modern  times. 

"These  considerations  and  the  spread  of  the  metric  system,  in- 
duced the  government  of  France  to  invite  the  governments  of  the 
world  to  send  delegates  to  Paris  for  the  purpose  of  forming  an 
International  Commission,  having  for  its  object  the  construction 
of  a  new  metre  as  an  international  standard  of  length.  In  response 
to  the  invitation,  Professor  Joseph  Henry  and  Mr.  J.  E.  Hilgard 
were  appointed  by  tlie  President  scientific  delegates,  without  diplo- 
matic functions,  to  represent  the  United  States.  A  first  meeting 
was  held  at  Paris  in  August,  1870.  but,  owing  to  the  existing  po- 

•  O.  H,  Tillmann,  Bultftin  No.  9.  U.  S.  Coast  Survey,  "On  ihe   Relation  of  the 
Yard  lo  the  Metre,"  June  15,  1889. 
+  Col,  A.  R.  Clarke,  R.E^  F.K.S.,  Encyclo.  Brit.,  x.,  p.  171. 
X  Sir  John  Herschel,  *'  I'endulum,  Varii,  and  Mttre,"  Davie<i,  p.  316. 


ovGoo'^lc 


STANDARDS  OF  LINEAR  MEASURE.  125 

litical  complications  in  Europe,  but  little  was  done  until  the  second 
meeting,  in  1872,  when  a  general  plan  was  outlined,  and  definite 
propositions  as  to  the  rtiode  of  procedure  to  attain  the  objects  in  view 
were  adopted.  The  most  important  of  these  propositions  were  to 
make  the  international  metre  a  line  measure  whose  length  ato°  C. 
should  be  equal  to  that  of  the  Metre  des  Archives, .  .  .  and  to  use  for 
the  material  of  the  standards  an  alloy  of  platinum-iridlum  contain- 
ing 10  per  cent,  of  iridium  with  a  tolerance  of  2  per  cent,  in  excess 
or  deficiency. 

"  The  cross-section  of  the  metre  bars  was  also  decided  upon. 
It  is  that  proposed  by  M.  Trcsca,  and  is  that  which  was  ultimately 
given  to  the  prototypes."  It  is  a  combination  of  an  X  and  an  H, 
which  gives  lightness  and  strength,  and  reduces  to  a  minimum  the 
error  arising  from  flexure. 

"  On  May  20,  1875,  a  metric  convention  was  signed  at  Paris,  by 
the  representatives  of  seventeen  governments,  among  them  that  of 
the  United  States,  for  the  purpose  of  establishing  and  maintaining, 
at  the  common  expense,  a  scientific  and  permanent  International 
Bureau  of  Weights  and  Measures  near  Paris.  By  this  treaty,  the 
operations  of  the  international  bureau  are  put  under  the  exclusive 
direction  and  supervision  of  an  international  committee,  which 
latter  is  under  the  control  of  a  general  conference  composed  of 
delegates  from  all  the  contracting  governments.  According  to 
Article  VI,  of  the  Convention,  the  International  Bureau  of  Weights 
and  Measures  is  charged  with: 

"  I,  All  comparisons  and  verifications  of  the  new  prototypes  of 
metre  and  kilogramme, 

"  2.  The  custody  of  the  international  prototypes. 
"  3.  The  periodical  comparison  of  the  national  standards  with 
the  international    prototypes  and  with  their  test  copies,  as  well  as 
the  comparison  of  standard  thermometers. 

"4,  The  comparison  of  the  prototypes  with  the  fundamental 
standards  of  non-metrical  weights  and  measures  used  in  different 
countries  for  scientific  purposes. 

"  J.  The  standardizing  of,  and  comijarison  of,  geodetic  measur- 
ing-bars. 

"  6.  The  comparison  of  standards  and  scales  of  precision,  the 
verification  of  which  may  be  requested  by  governments  or  scien- 
tific societies,  or  even  by  constructors  or  men  of  science. 

"  On  the  basis  of  this  convention  the  international  bureau  was 
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organized,  and  established  in  the  Pavilion  de  Breteuil,  in  Sevres, 
near  Paris."* 

Experiments  were  made  with  the  alloys,  and  ingots  finally  cast, 
which  were  properly  cut  up,  and  from  which  31  metre-bars  were 
constructed  ;  these  were  marked  and  compared  "  with  each  other 
and  with  an  auxiliary  bar  whose  length  in  terms  of  the  Metre  des 
Archives  had  been  carefully  determined."  The  co-efficients  of 
expansion  were  also  determined.  "  One  bar,  the  length  of  which 
at  0°  C.  was  found  equal  to  that  of  the  Metre  des  Archives,  was 
selected  for  the  international  prototype,"  and  the  remainder,  caUed 
national  prototypes,  were  distributed  among  the  various  govern- 
ments by  lot  in  September,  i88g;  those  allotted  to  the  United 
States  are  metres  Nos.  21  and  27.  These  were  packed  with  great 
care,  and  transported  to  this  country,  one  in  October  and  Novem- 
ber, 1889,  and  the  other  in  July,  1890,  and  placed  in  the  custody 
of  the  U.  S.  Coast  and  Geodetic  Survey  at  Washington.f 

The  foundation  of  the  present  British  and  American  system  of 
measures  is  found  in  the_;'a>'<^,  a  word  of  Saxon  origin,  and  derived 
from  geard,  gyrd,  gyrdan,  meaning  girth,  the  circumference  of  the 
human  body.  This  was  brought  into  England  by  the  Saxons 
who  found  already  existing  the  measures  of  the  inhabitants  founded 
upon  the  Belgic  foot  of  the  Tungri,  equal  to  13.32  inches.  This 
latter  gave  rise  to  a  yard  afterwards  known  as  "  the  yard  and  full 
hand"  which  was  suppressed  by  statute  in  1439 — 18  Hen.  VI,, 
ch.  16.     These  old  British  measures  were  as  follows  :  % 

Foot=  13  22  British  inches. 

3  feet  =  I  yard  =  39,66  British  inches. 

2  yards  =  i  fathom  =  79.32  British  inches. 

10  fathoms  ==  i  chain  ^=  793.2  inches  =  66  zt  feet 

10  chains  ^  i  furlong  ^  660  feet. 

10  furlongs  ^  I  mile  =  6600  feet. 

It  wiil  be  ob.served  that  we  have  a  survival  of  the  old  British 
system  in  the  Gunter's  surveyor's  chain,  and  that  the  furlong  is 
identical  in  the  old  and  present  systems,  Tradition  states  that 
the  yard  lost  its  character  of  girth,  very  soon  after  the   Norman 

*  O.  H.  Tittmann,  '■  The  National  Prototypes  of  the  Standard  Metre  and  Kilo- 
gp^mme,"  Appendix  No,  18,  Report  of  1890,  U.  S.  Coast  and  (jeodetic  Survey,  Wash- 
ington, 1891.  See  alio,  anicle  by  W.  A.  Rogers,  in  Prottedings  Aioer.  Acad,  of  Arts 
and  Sciences,  iv.  (vii.,  N.  S.),  p.  J73 ;  and  a  teller  in  the  Naiioa,  49,  p.  319. 

t  Tittmann,  ibid.  J  Peine,  Entycl.  Brit,  xxiv.,  p.  484. 
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conquest,  and  was  adjusted  as  a  standard  by  the  arm  of  King 
Henry  I. 

The  Saxon  standards  were  kept  at  Winchester,  prior  to  950 
A,D.,  where  copies  for  general  use  were  compared  and  stamped. 
King  Edgar  decreed  that  "  the  measure  of  Winchester  shall  be 
the  standard,"     The  Normans  made  no  change  in  the  standards, 
but  removed  them  to  Westminster,  and  placed  them  in  the  custody 
of  the  king's  chamberlains  of  the  Exchequer,  who  thus  became 
the  official  custodians  of  all  standards  of  weight  and  measure, 
which  came  to  be  known  in  later  times  as  "the  standards  of  the 
Exchequer,"     The  yard  and  ell  (from  the  Roman  ulna)  were  ori- 
ginally identical  and  continued  so  down  to  the  time  of  Richard 
II.    An  old  statute   of  1224  (9  Hen.  III.)  called  "  Compositio 
ulnarum  et  perticarum  "  lays  down  the  rule ; 
3  barley  corns  ^  i  inch. 
12  inches  =  i  foot. 
3  feet  =  I  ell  {ulna). 
5)^  ulne^  1  perch. 

40  perches  in  length  and  4  in  breadth  =:  l  acre.  * 
The  barley  corns  were  to  be  from  the  middle  of  the  ear,  round 
and  dry,  and  to  be  laid  end  to  end.  By  a  statute  of  15  Henry  VI. 
"theAu/neg-eroT  measurerof  ells,  is  directed  to  procure  for  his  own 
use,  a  cord  of  12  yards  and  12  inches  long,  adding  a  quarter  of  an 
inch  to  each  quarter  of  a  yard."  This  statute  marks  the  era  when 
the  woollen  manufacture  began  to  be  important,  this  provision 
being  intended  to  make  certain  the  hitherto  vague  custom  of  allow- 
ing a  thumb-breadth  to  a  yard  for  shrinkage.  In  4  Rich.  II.  it 
was  ordained  that  cloths  shall  be  wetted  before  they  are  measured. 
In  to  Anne  it  is  prescribed  that  "each  yard  is  to  have  an  inch 
added  instead  of  that  which  is  commonly  called  a  thumb's-breadth," 
In  13  Rich.  II.  uniformity  in  weights  and  measures  was  ordained 
throughout  the  kingdom,  except  in  "  Lancaster,  which  hath  always 
been  used  to  greater  measures  than  the  rest  of  the  realm."! 

The  oldest  existing  British  standards  of  length  are  a  yard  bar 
of  Henry  VII.  dated  1490  and  one  of  Elizabeth  of  1588.  These 
differ  by  little  more  than  i-J-jth  of  an  inch  from  the  present  Im- 
perial British  yard,  which   is  substantially  the  same  as  the  old 

*  H.  W.  Chishotm,  Oh  the  Scientt  of  Wei^hiag  aitd  Meaairing  and  Standardi  of 
Miasurt  and  iVeigkt.     London,  r877,  p.  Jo. 
t  iVo.  Amtr.  Rev.,  4S,  pp.  274-5. 
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Saxon  yard.  Other  old  standards  are  a  yard  measure  of  l66o  at 
the  Guildhall,  London ;  a  yard  measure  of  1671  belonging  to  the 
Clockmaker's  Company,  and  a  yard  known  as  "  Rowley's  Tower 
Standard  "  of  1720,  In  1742  the  Royal  Society  had  a  scale  ver>- 
carefully  constructed  commonly  known  as  Graham's.  During  the 
last  century  the  greatest  skill  in  the  construction  of  delicate  instru- 
ments of  precision  seems  to  have  been  attained  by  an  optician 
named  John  Bird.  He  constructed  a  number  of  standards,  among 
others,  one  for  Parliament  under  the  direction  of  a  select  com- 
mittee of  the  House  of  Commons  appointed  in  1758  to  inquire  into 
the  state  of  English  weights  and  measures.  This  committee  pur- 
sued their  inquiries  with  great  .system  and  ability  and  rendered  a 
very  valuable  report  from  which  we  make  the  following  extracts: 

"  Your  committee  ....  examined  Mr.  Harris  (Assay  Master 
of  the  Mint),  who  said,  that  a  lineal  or  longitudinal  measure  should 
be  the  standard  of  all  measures  of  capacity;  and  as  the  law 
seemed  already  to  have  made  the  yard  the  standard,  he  thought, 
that  to  prevent  variations,  it  should  be  a  clean  straight  brass  rod, 
of  about  38  or  39  inches  long,  and  about  an  inch  broad  and  thick; 
near  each  end  of  this  rod,  a  fine  point  should  be  made,  and  a  fine 
line  drawn  through  it  at  right  angles  to  the  sides  of  the  rod  ;  the 
distance  between  the  said  two  points  to  be  the  true  standard  length 
of  a  yard ';  and  as  the  edges  of  points  made  in  brass  were  liable  to 
decay,  he  would  recommend  two  gold  studs  or  pins,  to  be  fixed  in 
the  brass  rod,  on  which  the  points  were  to  be  made  which  ascer- 
tain the  length  of  the  yard.  This  rod  should  be  fitted  in  a  proper 
box,  and  placed  in  safe  custody,  to  be  used  occasionally  ;  but  that 
for  ordinary  sizing  of  yards,  there  should  be  another  rod  made, 
in  the  same  manner  as  the  former,  only  it  should  have  two  upright 
fixed  cheeks;  by  these  cheeks,  anything  placed  between  them 
might  be  more  readily  and  exactly  measured  than  by  the  stan- 
dards now  at  the  Exchequer 

"Your  committee  thought  it  was  necessary  to  pursue  Mr. 
Harris's  thought,  and  therefore  had  two  rods  made  by  Mr.  Bird, 
according  to  Mr.  Harris's  proposal ;  and  having  those  rods,  to- 
gether with  that  of  the  Royal  Society  [of  1742]  laid  in  the  same 
place,  at  the  receipt  of  the  Exchequer,  all  night,  with  the  standards 
of  length  kept  there,  to  prevent  the  variations  which  the  difference 
of  air  might  make  upon  them,  they  the  next  morning  compared 
them  all,  and,  by  the  means  of  beam  compasses  brought  by  Mr, 
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Bird,  found  them  to  agree  as  near  as  it  was  possible.  The  rods 
which  they  had  thus  prepared,  were  sealed  up  by  your  committee, 
and  are  herewith  laid  before  the  House  to  be  disposed  of  as  shall 
be  thought  most  proper. 

"  That  which  your  commitce  thinks  should  be  the  proper  stand- 
ard, if  the  Legislature  shall  think  fit  to  make  it  so,  and  carefully 
presened,  is  marked  thus,  '  Standard  yard,  1 758 ; '  and  the  other 
with  the  cheeks  is  what  your  committee  would  propose  to  be  kept 
at  the  receipt  of  the  exchequer  for  coEnmon  use,  and  is  divided 
into  three  equal  parts,  each  of  which  is  consequently  a  foof ;  one 
of  those  third  parts  into  twelve,  making  inches,  and  one  inch 
into  ten  equal  parts,  for  the  easier  adjusting  of  any  comparative 
measure."* 

A  similar  committee  appointed  in  1759  made  similar  recom- 
mendations, but  no  action  was  taken  by  Parliament  at  that  time 
establishing  these  bars  as  the  legal  standard.  Bird  made  another 
standard  known  as  the  "Standard  yard  of  1760."  Its  length  was 
taken  from  the  yard  constructed  in  1758.  Each  was  a  solid  brass 
bar  1.O3  inches  square  in  section  and  39.73  inches  long ;  near  each 
end  of  the  upper  surface  gold  pins  or  studs,  o. i  inch  in  diameter, 
were  inserted,  on  which  points  or  dots  were  marked,  the  distance 
between  them  determining  the  yard. 

The  first  accurate  comparison  and  measurement  of  standards  of 
linear  measure  according  to  the  criterion  of  modern  scientific 
methods  were  made  in  England  in  1797  by  Sir  George  Shuck- 
burgh  Evelyn.  For  this  purpose  he  made  use  of  a  comparateur, 
constructed  by  Troughton,  of  London,  consisting  of  two  metal 
rules  or  scales  of  superior  manufacture ;  one  of  these,  the  standard 
scale  proper,  was  a  bar  67^  inches  long,  1.4  inches  wide,  and  .42 
inches  thick,  on  which  was  marked  a  scale  60  inches  long,  divided 
to  tenths  of  an  inch;  the  other  bar  was  somewhat  longer  and 
thicker,  was  also  divided  to  tenths  of  an  inch,  and  carried  two  little 
metal  frames,  capable  of  being  moved  laterally,  and  which  could 
be  clamped  in  any  desired  position  ;  on  each  of  these  little  frames 
was  mounted  a  microscope  so  placed  as  to  be  directly  over  the 
free  movable  scale  when  placed  alongside  of  the  supporting  one. 
Each  of  these  microscopes  had  in  its  main  focus  a  pair  of  cross- 
wires  set  in  the  form  of  an  X ;  in  one  these  wires  were  stationary. 


*  P.  Kelly,  LL.D.,  Mitrolesy,  London,  1816,  pp.  57,  ct  itq. 
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but  in  the  other  they  were  attached  to  a  rack  which  was  movable 
laterally  in  the  direction  of  the  length  of  the  rule  b/  a  micrometer 
screw,  by  means  of  which  .oooi  of  an  inch  could  be  measured.* 
The  method  of  observation  followed  by  Hassler  in  making  similar 
comparisons  was  to  lay  down  the  two  scales  on  a  perfectly  level 
table,  set  the  microscopes  so  as  to  coincide  as  nearly  as  practicable 
with  the  theoretical  length  of  the  standards  to  be  measured,  de- 
termine experimentally  the  exact  value  of  a^■evolution  of  the  mi- 
crometer screw,  then  remove  the  scale,  place  the  standard  under 
the  microscope,  adjusting  it  so  that  the  cross-wires  in  the  micro- 
scope without  the  micrometer  exactly  coincide  with  one  of  its  de- 
fining points,  then  by  means  of  the  micrometer  screw  move  the 
cross-wires  in  the  other  microscope  until  they  exactly  coincide 
with  the  other  defining  point ;  take  the  reading  of  the  micrometer 
and  from  that  determine  the  relation  of  the  standard  to  the  scale. 
The  temperature  is  constantly  observed  by  means  of  several  ther- 
mometers lying  on  the  scales  and  standards,  and  the  readings  cor- 
rected accordingly.  In  measuring  end-standards  metal  butting- 
pieces, have  to  be  placed  at  their  ends  so  as  to  give  a  sharp  line  of 
demarkation  to  be  seen  in  the  microscope,  and  standards  of  different 
thickness  than  the  standard  scale  have  to  be  brought  into  the  focus 
of  the  microscope  by  the  use  of  strips  of  wood  to  raise  them  up. 
The  results  obtained  by  Shuckburgh  are  shown  in  the  following 
table  :t 

Ycir.  Inches. 

Standard  yard  of  Henry  VII., 1490  35-9*4 

"  ELiiabeth 1588  36.015 

"  "  Guildhall, 1660  36.03a 

*■  ■'         Clockmakere'  Co. 1671  35.972 

Yard  of  Rowley's  Tower  Standard 1720  36001 

"         Gmham's  Scale  liy  Sisson (741  36.0013 

"  "  "  "      in  ihc  Encheiiuer,  35-9933 

General  Roy's  Scale,  made  by  Bird, 1745-60  36,00036 

Mr.  An  ben's  Scale,        "  "     "  35-998S0 

Roy  a]  Society's  Scale,   "  "     , ''  35.99955 

Bird's  Parliamentary  Standard 1758  36.00OJ3 

"         '760  36.000021 

•  Chisholm,  ibid.,  pp.  8i.  it  leg.  Phile-^ephiiat  Tramnclions  of  the  Koyal  Sadrly  v/ 
London,  1798,  88,  p  133  et  siq.  The  above  description  is  taken  from  Hassler,  who 
used  a  comparaleur  of  exactly  the  same  Construction  as  Shuckburgh's, 

t  Ferd.  Rod.  Hjssler,  "  Compirison  of  Weights  and  Measures  of  Lei^h  und  Ca- 
pacily,"  reported  10  the  L'.  S.  Senate  in  1831,  Washington,  1831. 

J  S.C.  Walker,  yoKr.  Frank.  Inst.,  17,  New  Ser,  13,  p.  98. 
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The  standard  yards  constructed  by  Bird  in  1758  and  1760  were 
left  in  the  custody  of  the  clerk  of  the  House  of  Commons  and 
finally  adopted  as  the  legal  British  standard  by  an  act  passed  June 
17,  1S24,  after  another  series  of  comparisons  and  measurements 
extending  from  18 16  to  1S24,  conducted  mostly  by  Captain  Henry 
ICater,  «ho  used  Shuckburgh's  scale  and  comparateur.  He  de- 
termined the  relation  between  Shuckburgh's  scale  and  the  "  Impe- 
rial yard  "  to  be  as  36  to  36.00018,  and  on  a  second  determination 
36  to  36,00009.*  This  act,  5th  Geo.  IV-,  ch.  74,  went  into  effect 
January  i,  1826;  it  prescribes  as  follows: 

"  Section  I.  Be  it  enacted  ....  that  ....  the  straight  line 
or  distance  between  the  centres  of  the  two  points  in  the  gold  studs 
in  the  straight  brass  rod,  now  in  the  custody  of  the  clerk  of  the 
House  of  Commons,  whereon  the  words  and  figures  'Standard 
Yard  1760'  are  engraved,  shall  be  and  the  same  is  hereby  de- 
clared to  be  the  extension  called  a  yard ;  and  that  the  same  straight 
line  or  distance  between  the  centres  of  the  said  two  points  in  the 
said  gold  studs  in  the  said  brass  rod,  the  brass  being  at  the  tem- 
perature of  sixty-two  degrees  by  Fahrenheit's  thermometer,  shall 
be  and  and  is  hereby  denominated  the  Imperial  Standard  Yard. 

"Sec.  III.  And  whereas,  it  is  expedient  that  the  said  standard 
yard,  if  lost,  destroyed,  defaced,  or  otherwise  injured,  should  be 
restored  to  the  same  length  by  reference  to  some  invariable  natural 
standard;  and  whereas,  it  has  been  ascertained  by  the  Commis- 
sioners appointed  by  His  Majesty  to  inquire  into  the  .subject  of 
Weights  and  Measures,  that  the  yard  hereby  declared  to  be  the 
Imperial  Standard  Yard,  when  compared  with  a  pendulum  vibrat- 
ing seconds  of  mean  time  in  the  latitude  of  London  in  a  vacuum  at 
the  level  of  the  sea,  is  in  the  proportion  of  thirty-six  inches  to 
thirty-nine  inches  and  one  thousand  three  hundred  and  ninety- 
three  ten  thousandth  parts  of  an  inch ;  Be  it  therefore  enacted, 
and  declared,  That  if  at  any  time  hereafter  the  said  Imperial 
Standard  Yard  shall  be  lost,  or  shall  be  in  any  manner  destroyed, 
defaced,  or  otherwise  injured,  it  shall  and  may  be  restored  by 
making  a  new  standard  yard,  bearing  the  same  proportion  to  such 
pendulum  as  aforesaid  as  the  said  Imperial  Standard  Yard  bears 
to  such  pendulum."'!' 

•  Walker,  Hid. 

t  As  quoted  by  George  M.  Bond, ''  Standards  of  Length  and  their  Subdivisions,' 
Journal  Franklin  Institute,  IlJ-JScr.  87,  p.  185. 
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"Just  ten  years  afterwards,  October  l6,  1834,  occurred  the  cal- 
amity for  which  the  carefully-worded  text  of  Section  III.  was 
intended  to  provide;  a  contingency  certainly  most  wisely  consid- 
ered. This  was  the  destruction  of  the  Standard  Yard  by  fire,  when 
both  Houses  of  Parlianrent  were  burned.  The  bar  was  recovered, 
but  in  a  damaged  condition,  and  all  hopes  of  restoring  its  useful- 
ness were  abandoned  when  it  was  found  that  one  of  the  gold  plugs 
had  been  melted  out."* 

In  1838,  a  committee  ofscientific  men  was  appointed  by  Parlia- 
ment to  consider  the  question  of  the  restoration  of  the  standards  ; 
they  made  a  report  in  December,  1 841,  and  in  1843  were  appointed 
a  commission  to  restore  the  lost  standards. 

In  their  report,  they  declared  it  to  be  their  opinion  that  the  course 
prescribed  in  the  act  would  not  reproduce  the  lost  standard  yard, 
as  it  had  been  conclusively  proved,  since  the  passage  of  the  act, 
that  there  were  errors  in  the  determination  of  the  specific  gravity 
of  the  pendulum  employed;  the  reduction  to  the  sea-level  had 
been  shown  by  Dr.  Young  to  have  been  doubtful ;  the  reduction 
for  the  weight  of  air  was  also  proved  erroneous;  and  Kater  had 
shown  that  sensible  errors  had  been  introduced  in  comparing  the 
length  of  the  pendulum  with  Shuckburgh's  scale,  which  had  been 
compared  with  Bird's  "  Standard  Yard  1760,"  and  found  to  agree 
closely.  They  had  ascertained  that  several  measures  existed  which 
had  been  most  carefully  compared  with  the  Imperial  Standard 
Yard,  and  expressed  the  opinion  that  by  the  use  of  these  the 
standard  could  be  restored  without  sensible  error.t 

Sir  Francis  Baily  was  a  member  of  the  commission,  and  to  him 
was  intrusted  the  work  of  the  restoration  of  the  yard.  He  made 
a  large  number  of  experiments  to  determine  the  best  material  of 
which  to  make  the  new  standard,  and  finally  selected  an  alloy  since 
known  as  Baily's  metal.  It  consists  of  16  parts  copper.  2j^  tin, 
and  I  iiart  zinc.  Sir  Francis  Baily  died  in  August,  1844,  and  the 
completion  of  the  work  was  allotted  to  Rev.  R.  Sheepshanks,  an- 
other member  of  the  commission  ;  he  constructed  a  provisional 
brass  rod  as  a  "  working  standard,"  which  he  called  "  Brass  No. 
2,"  and  which  he  compared  with  all  the  standards  deemed  suffi- 
ciently accurate  for  the  purpose.  He  made  use  of  Shuckburgh's 
scale,  using  two  parts,  from  o  to  36  inches,  and  from   10  to  46 

•  Bond,  Ibid.,  pp.  s8s-6.  t  Bond— Chiiholm. 
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inches,  which  Captain  Kater  had  considered  the  most  accurate  part 
of  the  scale ;  a  yard  of  the  Royal  Society,  constructed  by  Kater 
in  1831  ;  and  two  iron  bars  belonging  to  the  Ordnance  Depart- 
ment, which  had  been  compared  with  the  Imperial  Yard  in  1834. 
The  results  obtained  were  as  follows: 

Brass  No.  2  =  36.000084  of  Shuckburgh's  scale,  0-36  inches. 
Brass  No.  2  =  36.000280  of  Shuckburgh's  scale,  10-46  inches. 
Brass  No.  2  =  36.OOO229  of  Kater's  yard,  1831, 
Brass  No.  2  =  36.000303  of  Ordnance  yard.  No.  i. 
Brass  No.  2  :=  36.000275  of  Ordnance  yard,  No.  2. 
Brass  No.  2  =  36.000234 — by  average  of  above,* 
The  Commission  finally  determined  that  "  Brass  No.  2  "  should 
be   considered  as  equivalent  to  36.00025  inches  of  the  lost  Im- 
perial Standard  Yard,  at  62°  F.,  and  recommended  the  construc- 
tion of  the  new  standard  yard  on  that  basis.    This  was  carried  into 
effect  by  an  act  pa.ssed  June  30, 1 85  5 , 1 8  and  19  Vic,  ch.  72,  which  also 
repealed  the  section  of  the  act  of  1824  prescribing  the  method  of 
reproduction  of  the  standard  from  its  relation  to  the  seconds  pen- 
dulum, which  had  been  found  to  be  inaccurate. 

The  standards  were  deposited  in  the  office  of  the  Exchequer, 
and  in  1866  wer6  placed  in  the  custody  of  the  Standards  Depart- 
ment of  the  Board  of  Trade  under  the  Warden  of  the  Standards. 
The  most  important  action  in  relation  to  British  standards  of 
length  in  recent  years  has  been  the  recommendation  made  in  187a 
"  that  mural  or  public  standards  of  length  be  securely  fixed  for 
public  use  in  all  populous  towns"  where  they  would  be  readily 
accessible  for  comparison  to  persons  desiring  to  use  them.  Under 
this  recommendation  measures  of  lOO  feet  and  66  feet  were  laid 
down  on  bronze  blocks  set  in  granite  on  the  north  side  of  Trafal- 
gar Square  in  London  and  legalized  as  secondary  standards  by  an 
order  in  council  of  June  27,  1876.!  The  errors  of  the  loo-feet 
line,  as  determined  by  the  Standards  Department,  are  as  follows: 
Ar  o,  10,  20.  3<\  40.  50,  6c^  70,  8c^  90,  100  feet. 
Error  O— .007  — .Ctg— .Oil  —.015 —.008 —.007  +.OII  +XI3I  +.0T7 —.008  inches 

The  mean  uncertainty  in  these  values  is  .003  and  the  greatest 
uncertainty  .Ol.  The  total  length  of  the  chain  standard  is  —  .019 
inches  from  the  truth-J 

(To  be  continued.) 

*  Chisholm.p.  87. 

t  W,  S.  Woolhouse,  Afeasurei,mighls  aiiJ Moiitys  of  Alt  Naiiaas,  London,  i8Si, 
pp.  22,  et.  stq.  X  Petrie,  Entyc.  Brit,  xxiv.,  p.  480, 
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THE  CALCULATION  OF  LEAD  BLAST-FURNACE 
CHARGES. 

Bv  H.  VAN  F.  FURMAN,  E.M. 

The  calculation  of  a  lead  blast-furnace  charge  is  a  more  or  less 
complex  problem,  owing  to  the  many  different  points  which  have 
to  be  taken  into  consideration.  Consideration  must  be  given  to 
the  following: 

First. — The  charge  must  be  calculated  so  as  to  produce  a  slag 
which  will  be  good  from  both  a  metallurgical  and  an  economic 
standpoint.  A  good  metallurgical  slag  is  one  which  is  fusible,  is 
adapted  to  the  ores  to  be  treated,  should  keep  the  furnace  in  good 
condition,  should  allow  of  a  good  separation  of  matte  and  speisse 
from  the  slag,  and  should  be  low  in  both  lead  and  silver.  An 
economic  slag  is  one  which  will  fulfil  the  above  conditions  and  at 
the  .same  time  allow  an  economic  mixture  of  the  ores  to  be  treated 
and  require  a  minimum  amount  of  costly  flux.  For  example,  at 
the  present  smelting  centre.^  of  the  West  the  majority  of  the  ores 
received  are  dry  silicious  ores,  and  these  are  the  ores  in  which 
there  is  the  largest  margin  of  profit.  Lead,  iron  and  lime  are 
necessary  fluxes  which  have  to  be  added  to  the  charge  to  produce 
the  proper  amount  of  bullion  and  the  proper  slag,  and  thes.e  fluxes  ' 
are  more  or  less  costly  as  they  have  to  be  purchased  at  a  price 
which  allows  little  or  nothing  for  smelting,  and  for  every  pound  of 
flux  added  to  the  charge  one  pound  less  of  ore,  in  which  there  is  a 
profit,  can  be  added,  The  amount  of  time,  fuel,  labor,  etc.,  ex- 
pended in  smelting  a  pound  of  flux  is  the  same  as  that  expended 
in  smelting  a  pound  of  ore.  The  following  table  gives  the  differ- 
ent type  slags  which  are  good  metallurgical  slags  : 
Table  of  Type  Slags. 
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Slag  A  is  a  good  slag  which  has  been  used  in  Utah  and  else- 
where for  several  years.  It  is  especially  adapted  to  ores  carrying 
considerable  alumina.  This  slag  cannot  be  successfully  made 
with  impure  ores  having  a  high  percentage  of  zinc. 

Slag  B  is  a  favorite  slag  with  Utah  smelters,  and  is  one  of  the 
best  slags  which  we  have,  being  more  fusible  and  driving  faster 
than  A.  This  slag  is  not  adapted  to  ores  containing  high  per- 
centages of  zinc. 

Slag  C  is  a  favorite  type  with  Colorado  smelters,  as  it  runs  well 
with  high  zinc  charges,  which  is  generally  the  rule  in  Colorado. 
As  the  per  cent,  of  zinc  on  the  charge  decreases  the  per  cent,  of 
lime  is  raised,  the  slag  more  nearly  approaching  type  B  in  compo- 
sition. Types  B  and  C  really  belong  to  the  same  general  type, 
and  are  very  similar  in  many  of  their  physical  properties. 

Type  D  is  a  most  excellent  slag,  generally  known  as  "  the  half 
slag."  This  slag  was  formerly  much  used  by  Colorado  and  Utah 
.smelters,  but  owing  to  the  scarcity  of  iron  in  the  ores  of  late  years 
it  is  seldom  used  now. 

Slag  E  is  what  is  generally  known  as  "  the  quarter  slag,"  and 
was  much  used  in  the  early  days  of  smelting  in  Utah  and  T.ead- 
ville  when  the  ores  were  generally  oxidized  ores  carrying  a  high 
per  cent,  of  ferric  oxide.  It  is  a  most  excellent  slag  and  answers 
all  metallurgical  purposes,  but  can  only  be  run  in  exceptional  cases 
owing  to  the  prevailing  scarcity  of  iron  in  the  ores. 

Slag  E  is  not  as  good  a  slag  as  any  of  the  foregoing,  and  is  only 
to  be  recommended  in  certain  rare  and  isolated  places  where  there 
is  a  large  excess  of  iron  in  the  ores,  and  silicious  ores  are  not 
available. 

In  all  of  the  above  types  the  sum  of  the  SiOj,  FeO  and  CaO  is 
considered  as  making  about  90  per  cent,  of  the  slag  constituents. 
This  will  be  found  to  be  the  case  except  when  the  ores  contain 
much  ZnO  and  AljOj,  MnO  being  considered  as  FeO  and  MgO  and 
BaO  as  CaO.  Up  to  certain  limits  MnO  will  .satisfactorily  replace 
FeO,  and  the  same  may  be  said  of  MgO  and  BaO  as  regards  CaO. 
Too  nauch  MnO  {above  7  per  cent,  or  8  per  cent.)  seems  to  have  a 
tendency  to  carry  silver  into  the  slag  and  too  much  MgO  or  BaO 
(above  4  per  cent,  or  5  per  cent,  in  high  lime  slags)  has  a  tendency 
to  render  the  slags  more  infusible  and  pasty,  and  is  liable  to  cause 
trouble  in  the  furnace. 

Second. — The  charges  must  be  calculated  with  regard  to  the 
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ore  supply  on  hand  and  what  may  be  expected  from  the  daily  re- 
ceipts of  ore ;  that  is,  the  products  of  the  roasting  and  fusing  fur- 
naces, and  the  raw  smelting  ore  coming  to  the  works,  must  be  used 
in  about  the  proportions  in  which  they  exist,  so  as  to  not  have  a 
surplus  of  certain  ores  or  products  on  hand.  Hence,  the  metallur- 
gist must  keep  posted  as  to  the  condition  of  the  ore  market,  and 
the  ore  buyer  must  keep  posted  as  to  the  requirements  of  the 
metallurgist. 

Third. — The  charge  must  not  only  be  so  calculated  that  we  will 
have  a  sufficient  amount  of  lead  on  the  charge,  but  also  so  that  the 
bullion  will  be  of  the  proper  grade.  In  the  early  days  of  smelting 
in  this  country  a  20  per  cent,  lead-charge  was  not  unusual,  while, 
at  the  present  time,  a  12  per  cent,  charge  may  be  stated  as  the 
average  charge.  As  low  as  a  6  per  cent,  lead  charge  has  been 
succes.sfully  smelted,  but  for  good  work,  on  fairly  high-grade  bul- 
lion, 10  per  cent,  may  be  considered  as  the  limit.  A  charge  of 
over  12  per  cent,  is  rarely  permissible  in  the  Western  smelting 
centres  on  account  of  the  scarcity  of  lead  and  its  high  cost  as  a 
flux.  The  grade  of  the  bullion  must  be  taken  into  account,  as, 
for  example,  some  refiners  will  not  pay  for  gold  in  the  bullion  if 
it  is  less  than  1  ounce  per  ton.  and  gold  ores  are  frequently  scarce. 
The  smelters  generally  pay  for  95  per  cent,  of  all  the  gold  in  ores 
which  assay  over  o.  i  ounce  per  ton.  Also  on  account  oi  freight 
rates  and  refining  charges,  many  smelters  are  required  to  keep  the 
silver  contents  of  the  bullion  within  rather  narrow  limits,  as,  for 
example,  not  below  250  nor  above  300  ounces  per  ton.  Account 
must  also  be  taken  of  the  silver  and  lead  losses  in  smelting,  the 
amount  of  silver  and  lead  which  goes  into  the  matte,  and  the 
amount  of  silver  and  lead  which  goes  into  the  flue-dust,  in  deter- 
mining the  amount  of  bullion  which  should  be  produced.  No 
exact  rule  can  be  given  for  determining  these  points,  as  they  will 
differ  according  to  the  individual  practice  of  the  works,  and  can 
only  be  settled  by  the  actual  results  at  any  particular  works. 

Fourth. — In  addition  to  the  slag  and  bullion -making  elements 
present  in  the  charge,  wc  have  such  elements  as  sulphur  and  ar- 
senic, part  of  which  elements  goes  to  make  matte  and  speisse 
(a  small  amount  also  passing  into  the  bullion)  and  part  is  vola- 
tilized in  the  furnace.  The  composition  of  pure  iron  matte  is 
FeS,  but,  as  the  furnace-matte  invariably  contains  Cu,  Ag,  Pb. 
Zn,  and  other  constituents  of  the  charge,  its  composition  is  varia- 
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ble.  The  composition  of  speisse  varies  from  FCjAs  to  Fe,As 
when  pure ;  but  it  almost  always  contains  Cu,  Co,  Ni,  etc.  Hence, 
no  exact  rule  can  be  given  for  the  allowance  of  iron  to  be  made 
for  the  sulphur  and  arsenic  on  the  charge.  Just  what  the  com- 
position of  the  matte  and  speisse  will  be,  and  what  the  loss  of 
sulphur  and  arsenic  will  be,  will  depend  on  the  character  of 
the  ores  under  treatment  and  the  working  of  the  furnace.  These 
points  can  only  be  determined  by  actual  practice  in  each  in- 
dividual case.  A  rule  which  answers  very  well  (until  a  more 
reliable  one  can  be  formed  based  upon  the  actual  results  from  the 
working  of  the  furnace)  is  to  allow  sufficient  iron  to  convert  one- 
half  of  the  sulphur  on  the  charge  into  FeS.  For  arsenic,  allow 
sufficient  iron  to  convert  all  the  arsenic  on  the  charge  into  FcjAs. 
As  the  smelting  of  sulphide  and  arsenical  ores  is  now  usually 
preceded  by  roasting,  the  amount  of  S  or  As  on  the  charge  wilt 
not  be  very  large. 

In  the  case  of  ores  containing  copper,  which  is  almost  always 
present,  the  charge  must  contain  sufficient  sulphur  to  convert  all 
of  the  copper  into  matte,  as  otherwise  there  will  be  trouble  with 
the  lead-well  and  hearth  of  the  furnace. 

Fifth. — The  size  of  the  charge  and  the  amount  of  fuel  must  be 
taken  into  consideration.  The  size  of  the  charge  will  depend,  to 
a  great  extent,  upon  the  size  of  the  furnace.  A  usual  charge  is 
from  700  to  1000  pounds — the  latter  being  a  very  convenient 
ore-and-flux  charge  for  a  modern,  large-sized  blast-furnace.  In 
making  up  a  charge,  the  total  weight  will  frequently  run  under  or 
over  the  weight  which  is  desirable,  but,  as  the  question  is  simply 
one  of  proportion,  the  desired  total  weight  can  be  obtained  by  in- 
creasing or  reducing  the  weight  of  each  ore,  the  limestone,  etc., 
by  0,1, 0.2.  or  whatever  proportion  will  give  the  desired  weight. 
The  weight  of  fuel  to  be  used  will  depend  upon  the  character  of 
the  charge,  the  fusibility  of  the  slag,  the  altitude  of  the  place  at 
which  the  smelter  is  situated,  the  character  of  the  coke  and  char- 
coal, and  the  dimensions  of  the  furnace.  The  fuel  is  usually  spoken 
of  as  such  a  per  cent,  of  fuel,  which  per  cent,  may  vary  from  1 2 
to  24.  This  per  cent,  is  such  a  per  cent  of  the  total  weight  of  the 
ore  and  6ux  exclusive  of  whatever  slag,  from  previous  operations, 
may  be  on  the  charge,  unless  the  amount  of  slag  is  targe,  when 
some  fuel  must  be  allowed  for  it.  The  amount  of  sulphur  on  the 
ctiarge  will  affect  the  fuel- charge,  as  some  of  the  sulphur  will  act 
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as  a  fuel.  The  amount  of  lead  will  also  aRect  the  amount  of  fuel 
necessary,  as  high  lead-charges  will  require  considerably  less  fuel 
than  low  lead-charges.  As  an  example  of  the  effect  of  altitude,  at 
Leadville  (io,ooo  feet  above  sea-level)  from  20  to  23  per  cent,  of 
fuel  is  necessary,  whilst  at  Denver  (5000  feet  above  sea-level)  15 
to  17  per  cent,  is  the  usual  charge,  the  ores  and  fuels  in  both  cases 
being  practically  the  same.  The  character  of  the  fuel  will  make 
a  considerable  difference,  as,  if  the  coke  is  poor  and  friable  there 
will  be  considerable  waste  in  handling,  and  in  the  furnace,  for 
which  allowance  must  be  made.  The  amount  of  ash  which  the 
fuel  contains  and  its  composition  will  also  have  to  be  taken  into 
consideration.  In  the  winter,  when  the  coke  is  apt  to  be  damp 
from  snow  and  rain,  allowance  must  be  made  for  the  moisture  by 
allowing  an  increased  weight  of  coke. 

The  above  percentages  of  fuel  are  based  upon  a  good,  hard,  dry 
coke,  containing  about  lO  per  cent,  of  ash,  which  contains  from 
55  to  65  per  cent  of  silica.  High  lime-slags,  and  especially  those 
which  contain  much  baryta,  will  require  a  slight  increase  in  the 
per  cent,  of  fuel. 

From  the  above  it  will  be  seen,  that  to  calculate  a  charge  the  first 
step  is  to  assume  the  different  ores  and  their  amounts  which  we 
will  have  on  the  charge,  due  consideration  being  given  to  the  above 
points  when  making  this  assumption.  The  second  step  is  to  find 
the  total  amounts  of  silica,  ferrous  oxide,  lime,  etc.,  in  the  weights 
of  ore  as  assumed,  which  is  accomplished  by  multiplying  the 
weight  of  each  ore  by  its  per  cent,  of  silica,  ferrous  oxide,  etc.,  and 
taking  the  sum  of  the  different  weights;  a  convenient  way  being 
to  tabulate  the  results  as  illustrated  in  the  examples. 

If  we  assume  the  following  notations  for  the  totals  and  percent- 
ages: A  =poundsof  SiOj  in  the  ores(total);  B ^=  pounds  of  FeO 
in  the  ores  (total);  C  =  pounds  of  CaO  in  the  ores  (total);  (/  = 
per  cent,  of  SiOj  which  the  iron-ore  (iron-flux  to  be  added)  con- 
tains; <■  =  per  cent,  of  SiOj  which  the  limestone  (lime-flux  to  be 
added)  contains  ; /=^  per  cent,  of  FeO  in  the  iron-ore;  /  =  per 
cent,  of  CaO  in  the  limestone ;  X  =;  pounds  of  iron  ore  required, 
and  Y  =  pounds  of  limestone  required,  we  have  for  slag  A : 
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(0. 


and 

C+¥l=B+X/,      ....    (2). 

Solving  equation  2  with  respect  to  Y,  we  have : 

K=:?_+.'^— Jl       ....  (A'). 
Substituting  this  value  of  Y'm  equation  i,  we  have: 

Reducing  and  transposing,  we  have  : 

iX/l—^Xt/—4Xd!  =  iAl+iBi  —  iCe—lBl. 
Solving  with  respect  to  X,  we  have : 

^=         s/'-4'/-4<«  ■         ■         ■     '    '• 

For  slag  B,  we  have,  . 

A-\-Xd+Ye  =  B-i-Xf       .        .        .    (1). 

?A(8+ J7)=c-+  Yl      .       .       .    (2). 
34 

Solving  equation  2,  with  respect  to  Y,  we  haye, 


_  12^5+12  Xf—JTj: 
■7' 


fB'). 


Substituting   this    value   for    Y  in  equation    i,  reducing  and 
solving,  we  have, 

y_'7-'^^+  J2  Be~ij  Ce—iy  Bl  ,„, 

\Tfl~i2ef—\ydt  ■         '    ^   '' 

In  like  manner  we  obtain,  for  slag  C, 
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2  A/+  Pe—2  Bl—2  Ce 
'2/1— If— 2:11 


_  B  +Xf—iC 


and  in  like  manner  for  slag  D, 


X  =  ^^^  t  2  ^^  —  3  B/~  4  0 
i/1  —  2  1/ — 4  itf 

^_S  +  X/—2C 


for  slag  E, 

_  8j4/ +  2  Be~^  Bl—^  Ce 
~  i/l  —  2fi—»dl 

4' 


(Q. 
(CO- 


CD). 

(D'J. 


(E). 
(E'). 


and  in  like  manner  for  slag  F, 

X—  9-4^+  Be~$  Si  —  gCe  ,p, 

9/ 

In  like  manner  general  equations  may  be  deduced  for  any  type 
of  slag  which  is  desired  to  make. 

Having  obtained  the  above  formulas  it  is  only  necessary  to  sub- 
stitute for  A,  B,  C,  D,  etc.,  their  proper  equivalents  in  the  first 
formula  to  obtain  X.  Having  obtained  X,  substitute  its  value, 
together  with  the  proper  equivalents  of  B,  f,  C  and  1,  in  the  second 
formula  to  obtain  Y. 

The  calculation  of  a  charge  is  best  illustrated  by  the  following 
examples : 

Example  No.  z. — We  have  50  tons  per  day  of  fused  ore,  80  tons 
per  day  of  roasted  ore  and  matte,  a  bed  of  2000  tons  of  ore  which 
it  is  desirable  to  smelt  in  about  two  weeks  and  a  supply  of  silici- 
ous  silver-ore  which  it  is  desirable  to  smelt  as  rapidly  as  possible. 
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In  addition  we  have  a  regular  supply  of  iron-ore,  limestone  and 
coke-    The  anikiyses  of  the  ores  are  as  follows  : 


,Pm«. 

30 

P«c.. 

Perot. 
AljO,. 

^r- 

^It 

P..cl.|P..<;i. 
Pli,    1      S. 

Oa.ptr 

Ag. 

Ou-prT 



8 



«S           3 

SO.O 

.-■» 

Roasted,     10 

30 

8 

6 

ao          5 

40.0 

0.50 

Bti..,..;     38 

2. 

4 

4 

5 

5S-0 

0.50 

Silver...;     90 

6 







100.0 



Iron  ore      10 

75 

liuU...        5 

50 











Cok.»...|       5 

* 

3 





Suppose  we  assume  that  we  will  smelt  the  ores  in  the  same 
proportions  as  we  have  them  on  hand  and  smelt  50  pounds  of 
silicious  silver-ore  per  charge,  and  use  150  pounds  of  coke  for  a 
1000  charge.  A  convenient  method  is  to  tabulate  the  results  as 
follows ; 


-■^  'SiK- 

Lb., 

SiO,. 

Lb..    1  Lh,. 
FtO.   |C»0. 

Ai,o; 

"i^: 

Lb.' Lb,' Lb, 
Ca.|ib.|S. 

0«.  Ag. 

Ou.  Au. 

Fused .. 
RoMieU 

Bed 

Silver.. 
Coke... 

160 
300 

150 

30. 

•6, 

84. 

4S. 

7-5 

30 

48 
63 
3 

3 

45 

8. 

12.8 
'S- 

...J.5I     3 
9.6    3^1     8 
...    631    6 

!  1 

a.50 

8.25 

250 

0.05 
0.04 

0.045 

Tolal_ 

760 

i8a.S  1  -  144 

IS 

.6.S 

35-8 

9.61.0  .7 

'7-45    j     o-'iS 

Calculating  one-half  of  the  sulphur  to  CujS  and  FeS,  we  have: 

126.8  (mol.  wt.  of  2 Cu) :  1 58.8  {mol.  wt.  of  Cu,S} :  :  ^6  (lbs. 

Cu) :  X  {lbs.  of  CujS} ;  x  ^  I2,     Hence  12  — 9.6  =  2.4  lbs.  of  S 


Now  -' —  2.4  = 


I  lbs.  S  to 


which  the  Cu  present  will  take  up. 

be  taken  up  by  Fe,     Hence  : 

32  (at.  wt.  S) :  88  (mol.  wt.  FeS)  :  :  6.1 :  x  (lbs.  of  FeS  which  will 
be  produced  by  excess  of  S);   x=  16.7.    Hence  16.7  —  6.1  =■  10.6 
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ibs.  of  Fe  necessary  to  take  up  excess  of  S.  The  following  gives 
the  amount  of  FcO  to  be  deducted  from  the  total  pounds  of  FeO  on 
the  charge  pn  account  of  sulphur,  10,6  X  ^  =  1 3.6,  and  144.0  — 
13.6^  130.4  lbs,  of  FeO  available. 

From  an  inspection  of  the  above  totals  slag  "  C  "  appears  to  be 
an  economical  and  good  slag  to  make.  Substituting  in  equations 
C  and  C  we  have  : 

(»Xi8a.5X-5)4-  [}lfiA  X  .05)  — (ax  "jo.o;  .5)  ^2  X  'SX.o5)_ 

(*X.7SX.S)-(7SX.os)-(2x.iX.5)  *^' 

Y=  '3°!4_X  {93-2j<  -75)- 
2X.5 

As  some  of  the  zinc  is  volatilized,  some  passes  into  the  bullion 
and  matte  and  some  goes  into  the  wall  accretions  of  the  furnace,  it 
Is  necessary  to  assume  what  amount  will  pass  into  the  slag.  If 
we  assume  that  80  per  cent,  of  the  zinc  passes  into  the  slag  as  ZnO, 
we  will  have  35.6  pounds  of  zinc  oxide  available  as  slag-making 
material.  In  order  to  calculate  the  percentage  composition  of  the 
slag,  which  will  result  from  the  above  charge,  it  will  be  necessary 
to  calculate  the  pounds  of  SiOj,  FeO,  CaO,  etc.,  in  the  weights  of 
iron  ore  and  limestone  on  the  charge  as  determined  above,  and  add 
these  weights  to  the  above  weights  of  available  SiO„  FeO,  CaO. 
ZnO  and  A1,0)  to  obtain  the  total  weight  of  slag-making  material 
on  the  charge.  Making  this  calculation,  we  have:  200.3  (pounds 
SiO,)  -)-  200.3  (pounds  FeO)  -|-  lOO  {pounds  CaO)  +  35.6  (pounds 
ZnO)  +  16.5  (pounds  AijOj)  =  552.7.  As  these  elements  will  not 
make  up  the  total  composition  of  the  slag,  it  always  carrying  S, 
Pb,  etc.,  it  will  be  necessary  to  assume  what  proportion  of  the  slag 
it  will  make  up.  If  we  assume  that  these  elements  will  make  97 
per  cent,  (an  assumption  which  will  usually  be  very  near  the  actual 
results)  we  will  have  : 

SiO,  =  i<=2ii<_57  =  3;.,7  „,  „„,. 

5527 

ftO  =J2?:3  X  S7  ^  35,7  ^  „„,. 
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ZnO  =  .3i^.??  =  6.24  per  cent. 
552-7 

AW,  =  i^5  X  97  ^  2.89  per  cent. 
5527  - 

Which  shows  the  calculation  to  be  nearly  correct  for  the  type 
of  slag  chosen.  Theamount  of  lead  on  the  charge  is  usually  spoken 
of  as  so  many  per  cent.,  referring  to  the  total  ore  and  flux  charge. 
Tl\e  following  is  the  calculation  of  the  lead  on  the  above  charge : 


1 10  (pounds  of  lead)  X  lOO 

873.5  {Po>**ids  of  ore  aud  fiux) 


1 2.6  per  cent. 


In  order  to  arrive  at  the  amount  of  bullion  and  matte  which 
should  be  produced  and  its  assay  value,  it  would  be  necessary  to 
assume  the  following ; 

First. — The  amount  of  the  charge  which  will  pass  into  the  flue- 
dust.  This  wilt  depend  upon  the  amount  of  fine  material  on  the 
chai^,  the  pressure  of  the  blast,  the  height  of  the  furnace,  and  the 
condition  and  working  of  the  furnace. 

Second. — The  losses  in  lead,  silver  and  gold  in  smelting  (by 
volatilization  and  in  the  slag).  These  will  depend  upon  the  char- 
acter of  the  ores  and  composition  of  the  slag  and  the  working  of 
the  furnace. 

Third. — The  amount  of  lead,  silver  and  gold  which  will  pass 
into  the  matte.  These  will  depend  upon  the  character  of  the  slag, 
the  per  cent,  and  character  of  the  fuel  and  the  working  of  the  fur- 
nace. 

All  of  these  are  variable,  and  will  not  only  vary  at  different 
works,  but  will  vary  from  time  to  time  at  any  works,  owing  to  the 
changes  in  the  ores,  the  working  of  the  furnaces,  etc. 

After  a  works  has  been  in  operation  some  time,  reasonably  close 
constants  may  be  deduced  for  these  variables  from  the  actual  re- 
sults obtained  in  smelting. 

In  the  above  example,  suppose  we  assume  that  10  per  cent,  of 
the  charge  will  pass  into  the  flue-dust ;  that  the  silver  loss  in  smelt- 
ing is  3  per  cent. ;  that  the  lead  loss  in  smelting  is  8  per  cent. ; 
that  the  gold  loss  in  smelting  is  nothing  (it  is  usually  unnecessary 
to  make  any  allowance  for  loss  in  gold,  as  a  works  will  usually 
produce  more  gold  than  is  purchased,  owing  to  the  fact  that  many 
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of  the  ores  contain  small  quantities  of  gold  which  are  not  taken 
into  account,  and  other  causes);  that  the  matte  will  carry  about 
lo  per  cent,  of  lead  and  that  the  lead  passing  into  the  matte  will 
carry  with  it  the  same  proportion  of  silver  and  gold  as  the  lead  in 
the  bullion  contains.'  Then,  if  the  Cu,S,  FeS  and  Pb  make  up  90 
per  cent  of  the  matte,  we  will  have :  ' 

no  —  9  (loss  in  smelting)  ^  loi  pounds  of  lead. 

lOl. —  10.1  (amount  passing  into  the  flue-dust)  =  90.9  pounds 
of  lead. 

17.4s  — 0-5235  (loss  in  smelting)  ^=  16,9265  ounces  of  silver. 

16.9265  —  1.6927  (amount  passing  into  the  flue-dust)  =  15.2338 
ounces  of  silver ;  and  O.13S — 0.01351=0.1215  ounces  of  gold 
available  for  matte  and  bullion. 

The  composition  of  the  matte  will  beCujS.  12  pounds;  FeS,  16.7 
pounds;  Pb,  3.6  pounds.  Balance  (10  per  cent),  3.6  pounds. 
Total  :=  35.9  pounds. 

152338 X 3.6 ^ ^^     ^^^^^  .    ^^ ^^^^ 

90.9 

0.1215  X  3-6  _  0.00481  ounces  Au  in  matte. 
90.9 

The  assay  value  of  the  matte  in  ounces  per  ton  of  2000  pounds 
will  be, 

0.6033  X  2000  ^  ^^^         ^^j  9-<^4li.  X^ooo  ^^^„ 

35-9  35-9 

The  following  calculation  gives  the  amount  of  bullion  which 
should  be  produced  and  its  assay  value: 

I5'2338  —  0.6033  —  '46305    ounces  Ag  in  bullion,  and 
o.  1 2 1 5  —  0.0048 1  ^  o.  1 1 669  ounces  Au  in  bullion. 

(90.9  —  3.6)  +  '1:^3  J- o, [  [7  ^  gg^^  jjjg  ^f  bullion, 

14.58 

which  should  be  produced.  The  assay  value  in  ounces  per  ton  of 
2000  pounds  will  be, 

14.6^01  X  2000  . 

-t— ^— '— -     -  =  331.2  ozs.  Ag, 

88.34 
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°-"^X^Q°°  =  2.640zs.Au. 
««.34 

The  total  pounds  of  ore  and  flux  on  the  charge  is  873.5.  If  we 
desire  a  lOOO  pound  charge  this  weight  is  too  small  by  about  15 
per  cent  Increasing  the  weight  of  each  ore,  the  iron-ore  and 
limestone  by  1 5  per  cent,  we  have,  for  the  charge,  fused  ore,  1 1 J 
pounds;  roasted  ore,  1 84 pounds;  bed,  345  pounds;  silver-ore, 62.5 
pounds;  iron-ore,  107.2  pounds,  and  limestone,  194.9  pounds. 

As  it  is  usual  to  set  the  furnace  scales  only  to  every  5  pounds 
difference  in  weight,  the  charge  would  be : 


Fused  or« IIS 

Roasted  or«, 185 

Bed 345 

Silver-ore -         ■        .  65 

Iton-ore, 1 10 

Limestone 195 

1015 
Colte  (15  per  cent,  of  1015), 150 

As  the  analyses  are  made  on  the  dry  ore,  allowance  must  be 
made  in  making  up  the  charge  for  the  moisture  which  the  ores 
contain.  In  the  above  example  the  only  ores  liable  to  contain 
sufficient  moisture  to  require  allowance  for  it  are  the  bed  and  the 
iron-ore.  Allowance  would  be  made  in  the  case  of  these  two  ores 
by  adding  such  a  number  of  pounds  as  the  moisture  determina- 
tions, made  from  time  to  time,  show  to  be  necessary. 

Example  No.  2. — Suppose  we  have  the  following  ores : 


0,.  It- 

"»■■     ,011  hmd. 

Pnci. 

SiO,. 

P«c,. 

Pr.cl 
CaO. 

Pr.cJpr.ct 

.^o.^z„o. 

Prc'pr.ct. 

Pb.  1    S. 

Percl. 'o«.prT 
Cu.         Ag. 

Oz^pr.T 

A. 600 

9ao 
15.0 
».o 
50 
5.0 
6x> 

10.9 
7-9 
30.0 

45-0 

80.0 

50.0 

5.0      6.0 

30.0|    3.0 

30,0 

5.0       ao.0 
8.0 

0.0s 
0.50 
0.50 

r          1    aoo 

D |R«gul"r 

[»«lM...I       " 
Iron  ore I      " 
Coke...]      " 

3.0 
40 

15.0 
15.0 

6.0 
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If  we  smelt  the  ores  in  the  proportions  in  which  we  have  them 
on  hand  and  use  ore  D  for  iron-flux,  we  have: 


■-■  'as'  sS 

Lb.,    i  Lb.,  '  Lbi.  1  Lb.. 
FeO.    ,  CO. 'Alrf>*:  ZnO. 

f-S:  ,"■."..  2; 

Ob.  Ail 

* \ '"  1  " 

B '     100  '    90 

C !    ...  1    ,5 

Coke..!     150         9 

6a.7  1    15  1    IS  ,    18 

7.9  1   ...      .-  j  .... 

30.0     ...        3  j    10 

.......  '   ™   1      6  1    ... 

9      ... 

6        S 

60 
>5 

4.50 
S.00 

0.02500 

Toutj  '   189 

100.6      15  1    24  1   a8  1    15  1     5 

75 

•OS 

OOS7S 

Calculating  one-half  the  sulphur  to  CujS  and  FeS.  we  have  86.2 
pounds  available  FeO.  Assuming  that  80  per  cent,  of  the  ZnO 
passes  into  the  slag  and  adding  this  to  the  CaO.  we  have  for  avail- 
able combined  CaO  and  ZnO  37.4  pounds.  Substituting  in  equa- 
tions B  and  B',  we  have; 

^^^(12  X  86.2)  +  (12  X  480.7  X  045)  — ('7  X  374) _  „,  2 
17X0.5  ■       ^^  " 

From  the  above  we  have  10,8  per  cent,  of  lead  on  the  charge, 
and  allowing  for  a  10  per  cent,  lead  loss  and  a  4  per  cent,  silver 
loss  in  smelting,  the  bullion  should  assay  about  182.7  ounces  of 
silver  and  0.88  ounces  of  gold  per  ton  of  20OO  pounds. 

Taking  the  sum  of  the  pounds  of  ore  and  limestone  on  the 
charge  we  have  a  total  of  1333  pounds,  which  is  about  2$  per  cent. 
too  much  if  we  wish  a  lOOO  pound  charge. 

Reducing  the  weights  by  25  per  cent  we  have,  for  the  corrected 
charge : 

FoundL 

Ore  B 75 

OreC 7S 

Ore  D, 360 

Limestone, 265 

Colte 150 
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Example  No.  3. — Suppose  we  have  assumed  the  number  of 
pounds  of  several  ores  which  we  will  smelt  on  a  charge,  and  have 
figured  out  the  total  pounds  of  SiO„  FeO,  etc.  The  totals  are  as 
follows : 


an        177       S4.S       30-5       ".        75        ■"       »7-5      'Q-'S     o'075 

Assuming  that  one-half  of  the  S  passes  into  the  matte  as  FcS 
and  CujS,  we  have  161. 3  pounds  of  FeO  available  for  slag.  We 
have,  for  fluxing,  iron-ore  containing  SiOj  5  per  cent.,  FeO  80 
per  cent ;  and  limestone  containing  SiOj  5  per  cent.,  and  CaO  50 
per  cent  Slags  A,  B  or  D  are  all  good  slags  for  the  above  charge. 
If  we  prefer  to  run  slag  A,  we  have  by  substitution  in  equations  A 
and  A' : 

(4XJ1IX  o.i)  +  (4  X  161  .3_K  0^05)  -(4  X  MS  X  0.0!)  -  (!  X'Sl.jXo-Sl  _ 

■    (SXo.gXo.5)-(4Xo.osXD.B)-l4Xo.osXo.s)  "    " '" 

Y-  161.3 +  (i;.5  Xo-8)  — 54.S  ^  2±i  6 
0.5 

Hence  we  would  require  17.5  pounds  of  iron-ore  and  241.6 
pounds  of  limestone  to  flux  the  charge. 

Example  No.  4. — We  have  on  a  charge,  before  fluxing,  a  total  of 
available  pounds  as  follows:  SiO,  200,  FeO  1 60,  and  CaO  40. 

Iron-ore  containing  SiOj  5  per  cent,  and  FeO  75  per  cent,  costs 
^per  ton.  Limestone  containing  SiO,  5  per  cent,  and  CaO  50 
per  cent,  costs  J1.50  per  ton.  It  requires  15  per  cent,  of  coke  to 
smelt  the  charge,  and  the  coke  costs  Jlio  per  ton  of  2000  pounds. 

What  type  of  slag  would  be  the  most  economical  ? 

Substituting  in  equations  A,  A',  B,  B',  and  D.  D',  we  obtain 
the  following : 

Slag  A  will  require  IJ  pounds  of  iron-ore  and  260  pounds  of 
limestone.  Hence  the  flux  will  cost  ^0.23$  per  charge,  and  the 
fuel  necessary  to  smelt  the  flux  will  cost  ^0.206, — Total  cost, 
J0.44. 

Slag  B  will  require  75  pounds  of  iron-cre  and  260  pouads  of 
limestone.  Hence  the  flux  will  cost  $0.3862  per  charge,  and  the 
fiiel  necessary  to  smelt  the  flux  will  cost  ^0,225. — Total  cost, 
^61. 

Slag  D  will  require   175  pounds  of  iron-ore  and  52  pounds  of 
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limestone.  Hence  the  cost  of  flux  will  be  £0.5  59  per  charge,  and 
the  fuel  necessary  to  smelt  the  flux  wilt  cost  $0.1688. — Total  cost, 
»o.73- 

With  labor  and  general  expense  at  £1.25  per  charge,  slag  B 
would  have  to  drive  13  per  cent,  faster  than  slag  A,  and  slag  D 
would  have  to  drive  9.6  per  cent,  faster  than  slag  B,  and  23  per 
cent,  faster  than  slag  A  to  be  as  economical,  other  conditions  being 
equal. 


COMPARISON  OF  COST  OF  ELECTRIC  LIGHTING  OF 

COLUMHIA   COLLEGE   BY  SEPARATE  PLANT 

AND  BY  CONTRACT  WITH  COMPANIES. 

Bv  W,  W.  REESE  AND  ARCHIBALD  ANTHON. 

Many  of  the  large  buildings  in  this  city,and,in  fact,  all  ovcrthe 
country,  now  have  their  own  electric-lighting  plants.  The  fact  is, 
that  in  a  large  building  where  boilers,  engines,  and  engineers,  are 
indispensable  for  heating,  pumping,  and  running  of  elevators,  elec- 
tric lighting  furnished  by  dynamos  run  from  the  same  boilers  is 
very  economical.  This  has  been  quite  generally  realized  for  a 
number  of  years ;  but  exactly  how  much  money  is  saved  by  having 
our  own  plant  over  what  it  would  cost  if  the  lamps  were  fed  by 
currents  supplied  from  some  central -station  electric  lighting  com- 
pany, is  a  problem  which  few  persons  have  taken  the  trouble  to 
solve. 

For  several  years,  a  portion  of  the  buildings  of  Columbia  Col- 
lege hav«  been  lighted  by  electricity ;  and,  during  the  last  nineteen 
months,  almost  exclusively  by  its  own  plant.  Now,  if  we  compare 
what  it  cost  the  college  for  its  electric  lighting  for  a  certain  num- 
ber of  lamp-hours,  before  it  used  its  own  plant,  with  what  it  now 
costs  for  the  same  number  of  lights,  the  results  obtained  will  be 
valuable,  as  the  conditions  in  almost  every  large  building,  hotel, 
club,  etc.,  are  very  similar  to  those  in  the  case  which. we  intend  tO' 
illustrate  as  an  example. 

The  plant  in  Columbia  College  consists,  briefly,  of  two  steam- 
engines,  two  dynamos,  and  the  necessary  conductors,  switch-board, 
lamps,  instruments,  etc. 

The  engines  are  both  rated  at  36  horse-power ;  one  made  by 
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Armington  &  Sims,  and  the  other  by  J.  E.  Sweet  ("  straight-line" 
engine).  The  dynamos  are  of  the  Edison  type,  both  400-light  ma- 
chines. They  have  frequently  easily  carried,  without  injury,  240 
amperes  each. 

By  inspection  of  the  company's  bills  for  previous  years,  and  the 
record  kept  by  the  engineer  in  charge  of  plant,  it  was  found  that 
the  average  load  per  year,  at  present,  is  about  175  amperes — 225 
for  the  four  winter  montlis,  and  150  on  an  average  for  the  remain- 
ing eight  months. 

Now,  assuming  175  amperes  as  the  average,  we  then  find  the 
cost  of  running  the  plant  for  the  entire  year  at  this  load. 

A  special  test  of  one  boiler  and  one  engine  was  made,  the  essen- 
tial parts  of  which  are  tabulated  below. 

In  this  test  the  boiler  was  supplying  steam  for  one  electric- 
light  engine  and  three  pumping-engines.  The  engine  developed 
an  average  of  36  indicated  horse-power.  Allowing  for  the  amount 
of  steam  used  by  the  pumping-engines,  we  find  that  3.7  pounds  of 
coal  are  bumcd  per  horse-power  hour  for  the  engine  alone. 

Since  the  average  load  per  year  is  175  amperes,  at  1 18  volts, 
and  the  efficiency  of  transmission  is  64  per  cent.,  the  engine  will 
have  to  develop  43.25  horse-power.  At  1.7  pounds  of  coal  per 
horse-power  hour,  we  have  the  total  amount  of  coal  consumed  per 
hour  as  160.02  pounds.  The  working-day  is  17  hours,  and  there 
are  309  working  days  in  the  year;  this  gives  5253  hours  per  year, 
and  at  160.02  pounds  of  coal  per  hour  the  total  amount  consumed 
per  year  is  840,585.06  pounds,  or  375.2  long  tons.  At  I2.75  per 
ton  the  cost  of  coal  is  ^1031.80  per  year. 

The  cost  of  the  two  dynamos  was  $2000 ;  the  engines,  settings, 
belts,  etc.,  about  gisoo;  and  the  wiring,  |iSOO;  making  a  total 
first  cost  of  ^5000.  Allowing  15  per  cent,  interest,  depreciation, 
and  repairs  (very  liberal  under  good  management),  this  amounts 
to  ^750  per  year. 

Test  of  Waier-lube  Boiler,  ManufacUired  by  Babcock  &■  Wilcox  Co. 

Daration  or  [rial,  hours, 6.384 

Steain  gauge,  pounds, 85 

Absolute  St  earn -pressure,  pounds 100 

Total  coul  consumed,  pounds, 2183 

Actual  evaporation  per  pound  of  fuel,  pounds,   ....  9.07 

H.  P.  on  basis  34^  pounds  equjv.  evap.  per  hour,     .         .        .  91.3 

Efficiency  of  boiler,  per  cent., 67.4 
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Test  of  Armington  &  Sims'  Engine,  Running  one  Edison  Dyna 
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One  additional  hand  i: 
f  840  per  year. 


required  at  wages  of  I70  per  month,  or 
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It  is  estimated  that  the  plant  requires  io8  gallons  of  cylinder 
oil,  and  360  gallons  of  machine  oil  per  year.  Also,  about  120 
pounds  of  waste.  ^50  per  year  amply  covers  the  water  used  by 
the  engines  of  the  plant. 

Tabulating  the  above  items,  we  have : 

Interest,  depreciation,  and  repairs,  per  year,    ....  $750  oo 

Cost  of  additional  labor,  per  j^ear, 840  00 

Cost  of  additional  coal  consumed,  per  year,   ....  1031  3o 

Cost  of  loS  gallons  of  cylinder  oil,  Bt  55  cents  per  gallon,          ,  jg  40 

(.'osl  of  360  gallons  of  machine  oil,  at  30  cents  per  gallon,         .  loS  00 

Cost  of  water,  per  year, 50  00 

'  Cost  of  vrasle,  per  year, 1100 

f28si  10 

This  makes  a  total  cost  of  ^285 1,20  for  running  the  plant  for 
the  919,275  ampere-hours. 

The  company's  bills  for  the  year  previous  to  the  installation  of 
plant  were  as  follows : 

November, (4^1  So 

December, 437  55 

January, 469  65 

Februaiy, 557  85 

Marcb, 627  75 

April, 380  00 

May 274  19 

June, 288  88 

Ji'iy >97  58 

August,.         .        .         ....         .      •.        .         .      34<  77 

.September 373  06 

October 421  34 

$4890   *2 

This  makes  the  total  cost  of  lighting  by  the  Electric  Light 
Company  for  one  year,  ^890.22.  The  price  paid  per  lamp-hour 
was  three-quarters  of  one  cent.  This  makes  the  total  number  of 
lamp-hours  per  year,  652,029,  or  326,014  ampere-hours. 

Our  present  plant  is,  however,  supplying  light  for  an  aven^  of 
919,273  ampere-hours  per  year,  and  at  the  above  rate  the  Lighting 
Company  would  have  chained  ^13,789.12.  Now,  as  shown  prev- 
iously, this  amount  of  light  only  costs  the  college  I2851.20. 
Therefore  the  college  saves  ^10,937.92  a  year  by  having  its -own 
plant,  thus  decreasing  the  cost  of  lighting  to  about  one-fifth  of 
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what  it  would  otherwise  be.  That  is,  lighting  costs,  on  a  average, 
one-seventh  of  l  cent  per  lamp-hour,  as  against  three-quarters  of 
I  cent  charged  by  the  company. 

If  the  college  had  to  pay  three-quarters  of  i  cent  per  lamp- 
hour  to  the  company,  it  would,  of  course,  be  necessary  to 
economize,  and  not  use  as  much  light  as  is  now  supplied  by  its 
plant.  But  this  would  be  just  so  much  of  a  disadvantage,  and  it 
would  certainly  be  necessary  to  have,  at  least,  one-half  as  much 
light  as  we  have  now,  which  would  cost  ^5500  against  ^2851. 20, 
for  abundance  of  light. 


NOTES  ON  THE  HUANCHACA  MINE,  BOLIVIA,  S.  A 

Bv  ROBERT  I'EELE,  Jfc. 

This  great  silver  mine,  by  far  the  largest  producer  in  South 
America,  if  not  in  the  world,  is  situated  at  an  altitude  of  about 
1 3,400  feet,  in  a  group  of  hills  on  the  central  table-land  of  Bolivia. 
It  is  connected  with  the  port  of  Antofagasta,  on  the  Chilean 
coast,  by  a  30-inch  gauge  railroad,  395  miles  long,  built  through 
the  influence,  and  largely  by  the  capital,  of  the  Huanchaca 
company. 

The  mine  comprises  workings  on  two  main  parallel  and  nearly 
vertical  veins.  These  veins  cut  through  a  small  mountain  which 
reaches  a  height  of  ab<;ut  14,500  feet  above  sea-level.  Manyyears 
ago  they  were  extensively  worked  to  a  depth  of  several  hundred 
feet,  but  these  operations  were  not  successful  as  a  whole ;  the  veins 
were  notable  neither  for  quantity  nor  richness  of  ore,  and  even 
after  a  number  of  native  capitalists  became  interested,  and  the  work 
of  exploration  was  pushed  more  vigorously,  the  future  of  the  mine 
seemed  extremely  doubtful.  No  one  imagined  it  was  destined  to 
pay  millions  in  dividends. 

During  the  past  fifteen  years  the  gross  production  has  been 
worth,  in  United  States  currency,  at  least  846,000,000,  of  which 
about  815,000,000  has  been  paid  to  the  stockholders. 

According  to  the  official  report  for  1891,  there  was  still  standing 
in  the  mine  ore  containing  15,300,000  ounces  of  sliver.  The  basis 
for  this  estimate,  however,  is  not  stated. 

Until  recently  the  mine  has  been  worked  according  to  the  old 
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Spanish-American  methods,  human  labor  to  a  large  extent  sup- 
plying the  place  of  machinery.  But  during  the  past  two  years  a 
very  heavy  and  expensive  plant  has  been  erected,  including  two 
large  hoisting-engines  and  an  air- compressor.  This  machinery  is 
supplied  with  steam  by  a  battery  of  six  boilers  of  200  horse-power 
each. 

Xhe  workings  on  January  i,  1892,  had  reached  a  depth  of  1 190 
feet  below  the  level  of  the  main  tunnel. 

During  1891,  according  to  the  company's  report,  the  gross  pro- 
duct was  5,942,000  ounces  silver,  yielding  a  net  profit  of  $2,050,- 
000  United  States  currency.  Of  the  total  production,  17,193  tons 
of  ore,  containing4,04I,OOOOuncessilver  were  exported  to  Europe, 
and  13,890  tons,  containing  1,894,800  ounces  were  treated  in  the 
amalgamation  works  near  the  mine. 

The  ore,  after  handsorting,  assays  from  120  to  300  ounces 
per  ton,  the  higher  grade  being  shipped.  The  cost  of  mining, 
handling,  and  sorting  is  about  J28  per  ton,  that  of  milling,  ^24  per 
ton.  Though  these  working  expenses  are  rather  high,  it  must  be 
remembered  that  the  situation  of  the  mine  is  extremely  unfavor- 
able, far  in  the  interior  of  the  country,  with  inefficient  labor  and 
high  freights. 

The  ore  consists  of  a  quartzose  gangue,  carrying  iron  and  cop- 
per pyrites,  galena,  blende  and  tetrahedrite,  the  latter  usually  mas- 
sive but  sometimes  beautifully  crystallized.  The  tetrahedrite 
contains  the  greater  part  of  the  value  of  the  ore,  and  is  very 
abundant. 
The  following  data  I  obtained  in  Huanchaca  in  1891  : 

Average  Composition  of  the  Sot'led  Ore. 

SiOp 13.00 

Cu 1.89 


A*. 03s 

Sb 1.80 

The  ore  is  pulverized  in  Gruson  ball  mills  made  in  Magde- 
burg, Germany,  each  mill  grinding  from  10  to  12  tons  per  24 
hours  to  50  mesh.  In  these  mills  1 30  pounds  of  ore  are  crushed 
per  hour  per  horse-power. 
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Roasting  is  now  done  in  reverberatory  furnaces,  11.5  feet  X  55-5 
feet,  containing  3  step-hearths,  fire-place  10  X  3  feet.  These  fur- 
naces are  worked  from  both  sides,  2  shifts  per  24  hours,  6  nnen  on 
a  shift  for  each  furnace.  Seven  charges  of  2000  pounds  are  roasted 
per  24  hours.  Four  per  cent,  of  salt  is  added  on  the  second 
hearth,  and  25  pounds  of  fuel  (consisting  of  small  scrub-wood  and 
brush)  are  required  per  100  pounds  of  ore. 

No  attempt  is  made  to  chlorinate  to  a  higher  percentage  than 
50  per  cent.,  from  47  to  50  per  cent,  being  found  by  experieace  to 
give  the  best  results  in  amalgamation.'  After  drawing  the  roasted 
ore  from  the  furnace,  it  is  at  once  spread  out  on  the  cooling- floor 
to  prevent  further  chlorination. 

Losses  in  Roasting. 
(Figures  taken  at  random  from  the  mill  records.) 


Valua  dT  Ore— Oa. 

Pcr«.( 

Riw. 

>3M 

148.8 

143.4     j        2.18 
138.6     1        O.S9 
I19X>     [        055 
I5M    1       a.99 

The  apparent  gain  in  value  of  the  roasted  ore  is  caused  by  the 
driving'olif  of  the  sulphur.  The  actual  loss  in  roasting  is  said  to 
be  from  3  to  5  per  cent.,  showing  careful  and  very  satisfactory  work. 

The  ore  is  amalgamated  in  large  "  tinas,"  similar  to  ordinary 
amalgamating  pans,  the  charge  being  5500  pounds;  time,  4j4  to 
5  hours  ;  charge  of  quicksilver,  120  to  160  pounds. 

The  results  of  amalgamation  are  shown  in  the  following  table, 
the  values  being  given  in  percentages  of  silver,  and  the  extraction 
calculated  on  the  value  of  the  roasted  ore : 


'  H«.  In  OH. 


0.036 
0.041 
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Retort -silver  averages  990  fine ;  after  melting  into  bars,  994. 
The  total  losses,  carefully  averaged  over  a  considerable  length 
of  time,  are: 

X^oss  in  transportation  and  grinding I  ]^  lo  2  per  cent 

Xjoss,  in  roasting 3  lo  5  per  cent. 

Loss  in  amalgamating, S  )o  lO  per  cent. 

I  .oBS  in  stealing  amalgam, j>j  of  I  per  cent. 

Ixiss  in  melting  into  bars, ^  of  1  per  cent. 

The  net  extraction  varies  from  82  to  87  per  cent,  which  indi- 
cates remarkably  good  metallurgical  work. 

The  mine  is  worked  through  a  tunnel  which  cuts  the  veins  about 
1 500  feet  from  the  mouth.  As  the  amalgamation  works  are  4j^ 
miles  di.stant,  on  the  opposite  side  of  the  mountain,  tlie  cost  of 
transportation  was,  formerly,  a  serious  burden.  Several  years  ago, 
the  main  tunnel  was  continued  entirely  through  the  mountain, 
making  a  total  length  of  10,750  feet.  It  is  connected  by  a  gravity- 
road  with  the  reduction  works. 

Upon  the  dump  of  the  mine  there  are  between  6o,ooo  and 
70.000  tons  of  ore  containing  from  75  to  90  ounces  silver  per  ton. 
This  has  accumulated  in  the  absence  of  means  to  work  it  at  a 
profit  before  the  railroad  was  built;  but,  during  the  past  three 
years,  a  large  reduction  works  has  been  in  process  of  erection  on 
the  seacoast  near  the  railroad.  The  intention  is  to  discard  the 
present  mill  near  the  mine,  and  work  all  the  lower-grade  material 
at  this  new  establishment,  395  miles  from  the  mine, 


NOTE  ON  EL  CALLAO  GOLD  MINE,  OF  VENEZUELA. 
By  R,  PEELE,  Jb. 

The  following  data  on  the  famous  "  El  Callao"  gold  mine,  Ve- 
nezuela, may  be  of  interest  to  the  readers  of  the  Quartehly. 
They  are  extracted  from  the  semi-annual  report  of  the  superin- 
tendent for  the  six  months  ending  June  30,  1892: 

Total  ore  hoisted,  tons. 3li726 

Total  ore  milled,  tons, i^fiVi 

Gold  produced  from  the  milling  of  the  above  ore,  ounces,        .     19,743 

Value  of  bullion,  estimated  at S379r072  00 

Average  milling  value  per  Ion,  ounces, °(>3i 

Average  value  Tor  the  ^ear  1S91,  ounces,  ....         0.58 
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Cos!  of  mining  31,726  tons,    .■...,    (131,000  00 

Cosl  of  milling  31,059  tons, 3i,9cx>  00 

General  expenses, 34,660  CO 

Tolal Vi<»8,56o  00 

Sinking  No.  7  shaft  (dead  work), 935;  00 

Tolal  expenses,    , t307i9'S  <» 

Net  profits  for  thesis  months, (71,15700 

Tnial  cost  per  ton,  1891, 10  oj 

Total  cost  per  ton,  1892, 9  7° 

A  new  shaft,  135  feet  deep,  was  sunk  at  a  cost,  including  hoist- 
ing-works, of  I935S,  or  $69.30  per  foot.  The  size  of  this  shaft, 
inside  the  lining  timbers  (8  by  8  inches)  is  4  by  10  feet,  and,  to  the 
present  depth,  is  in  soft  decomposed  material,  which,  perhaps,  ac- 
counts for  its  rather  high  cost.  Exclusive  of  the  hoisting  plant, 
the  cost  per  foot  was  about  JI53.00, 


NOTE  ON  THE  ANALYSIS  OF  TIN  ORE. 

.       Bv  J.  S.  C.  WELLS,  FhD. 

In  an  article  on  the  "  Assay  of  Tin,"  by  Mr.  E.  H,  Miller 
{S.  OF  M.  Quart.,  July  1 892),  appears  the  following  statement. 

"  Reduction  by  means  of  granulated  zinc  (Wells,  S.  of  M. 
Quart.,  XII,,  295)  and  hydrochloric  acid  was  also  tried,  but  with- 
out success,  owing  possibly  to  the  omission  of  a  piece  of  platinum 
foil,  which  is  claimed  to  greatly  assist  in  the  efficiency  of  the  re- 
duction. 

In  the  description  of  ray  method,  I  distinctly  stated  that  some 
ores  were  only  slightly  acted  on  unless  platinum  was  present.  In 
order  to  see  if  Mr,  Miller's  failure  was  not  due  to  this  cause,  I  got 
from  him  a  sample  of  the  same  ore  that  he  used  in  his  tests  and 
treated  it  according  to  the  method  given  by  me,  and  found  it  to  be 
easily  reduced,  yielding  64.12  per  cent,  of  tin,  a  result  agreeing 
very  favorably  with  those  obtained  by  him. 

Further  investigation  of  the  method  has  shown  that  it  is  prefer- 
able to  u,se  strong  hydrochloric  acid  instead  of  dilute,  and  in  this 
case  it  is  not  necessary  to  heat,  as  the  action  of  the  acid  on  the 
zinc  heats  the  solution  sufficiently.  A  large  excess  of  zinc  should 
be  used  f=o  as  to  have  an  abundant  supply  of  hydrogen.  The 
platinum  I  have  added  in  the  form  of  small  pieces  cut  from  a 
piece  of  old  foil.  ' 
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ABSTRACTS. 
Analytical  Chemistry,  bv  E,  Waller,  Ph.D. 

Action  of  Water  and  Solutions  on  Glass.  Foerster  {Berichtf^  xxv., 
2494),  has  continued  researches  on  this  Subject.     His  conclusions  ate: 

1.  Solutions  of  caustic  alkalies  act  much  more  strongly  than  does 
water,  inasmuch  as  they  dissolve  all  the  constituerits  of  the  glass;  in 
short,  the  glass  itself  (if  we  leave  out  of  account  the  action  of  very  dilute 
solutions). 

2.  Of  the  caustic  alkalies,  soda  acts  most  strongly,  then  potassa,  and, 
finally,  ammonia  and  baryta  water. 

3.  A  rise  in  temperature  increases  very  markedly  the  attack  by  alka- 
lies. 

4.  With  an  increase  in  concentration  of  the  alkaline  solutions,  the 
attack  of  the  glass  increases  at  first  rapidly  on  raising  the  temperature. 
but  after  a  time  more  slowly. 

5.  At  ordinary  temperatures,  very  concentrated  alkaline  solutions  act 
more  feebly  upon  glass  than  those  more  dilute. 

6.  Solutions  of  pure  alkalies,  if  not  too  concentrated,  act  more  feebly 
upon  glass  than  such  as  are  contaminated  by  small  amounts  of  silicic 
acid, 

7.  Carbonated  alkalies,  even  in  very  dilute  solutions,  attack  glass 
much  more  strongly  than  does  water.  Their  mode  of  action  resembles 
less  that  of  causiic  alkalies  that  it  does  that  of  other  salLs,  With  equiv- 
alent  concentration  NajCO,  solutions  act  more  strongly  than  those  of 
K,CO,. 

8.  The  action  of  solutions  of  salts  is  variable,  depending  upon  the 
degree  of  concentration,  the  nature  of  the  dissolved  salt,  and  the  action 
of  the  water. 

9.  Both  kinds  of  attack  are  variably  influenced  by  the  composition  of 
the  glass. 

10.  Of  salts,  those  attack  the  most  strongly  (stronger  than  water),  the 
acids  of  whi:h  form  insoluble  lime  salts.  With  these,  the  action  in- 
creases with  the  concentration. 

Mierograpkic  Analysis  of  Alloys.  Guillemin  {^Comptes  Rend.,  1892^ 
cxv.,  332),  has  examined  many  of  the  alloys  used  in  the  arts  by  etching, 
a  polished  surface  with  diluted  H,SO,,  either  alone  or  in  conjunction 
with  the  electric  current.  The  composition,  character  and  mechanical 
treatment  of  the  allo)S  may  be  decided  by  this  means. 

Keeping  Permanganate  Solutions.  Gruzner  {^Areh.  Pkarm.,  ccxxxi., 
311),  finds  that  solutions  of  i  :  1000  kept  their  strength  for  a  year  in 
diffused  daylight  or  in  blackened  glass  bottles.  After  iS  months  solu- 
tions of  this  strength  kept  in  colorless  glass  in  diffused  daylight  had  lost 
by  2.61  per  cent.;  in  blackened  glass,  loss  ^  0.94  per  cent.  Solutions 
of  3  :  looo  kept  perfectly  during  the  same  periods  and  under  the  same 
conditions. 
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Arsenious  Acid  for  Volumetric  Analysis.  Namias  (Cai.  Cfiim.  Ifal., 
xxii.,  508).  prepares  a  solution  by  heating  8  gms.  As,0,  with  80  gms. 
NH,C,H,0,  in  300  to  400  ux.  of  water,  finally  cooling  and  diluting  to 
one  litre.  NH,C1  solutions  dissolve  As,0,,  but  deposit  it  partially  by- 
standing.  The  acetate  solution  can  be  used  in.examination  of  bleaching 
powder,  of  chlorates,  of  commercial  MnO„  chromates,  etc. 

Alkalimctrie  Indicator.  Werner-Bolton  (Z/r,  Angew.  Ckem.,  1891, 
493).  proposes  the  use  of  a.  drop  of  solution  of  an  alkaline  sulphide 
saiurated  with  sulphnr.     A  permanent  milky  turbidity  is  produced  by 

the  least  possible  trace  of  acid  in  excess. 

Potash  Determination.  Payne  {Bull,  JVa.jj,  of  Association  ofAgr/c. 
CAemis/s,  Report  for  1892!,  reports  on  the  results  obtained  by  several 
chemists  in  applying  the  Lindo-Gladding  method — conversion  of  alka- 
lies to  sulphates,  precipitation  by  PiCl,  in  presence  of  NaCl,  washing 
with  alcohol,  then  with  water  solution  of  NH.Cl  (saturated  with  PtCi,), 
and  finally,  with  alcohol.  The  conclusion  reached  is  that  the  addition 
of  NaCl  is  unnecessary. 

Separating  Zinc  from  Lime  and  Magnesia.  Stone  {^Jour.  Anal,  and 
App.  Chem.,  vi.,  516),  has  experimented  on  a  method  based  upon  the 
solubility  of  ZnNHjHOj  in  ammonia.  Separation  can  be  effected  in  the 
cold  and  in  presence  ot  sufficient  NH,C1.  25  to  50  c.c.  of  a  solution 
containing  100  gms.  NH^Cl  and  700  c.c.  strong  ammonia  per  litre  are 
added,  and  then  i  c  c.  of  a  10  per  cent,  solution  of  phosphorus  salt  for 
every  0.01  gm.  of  Zn  assumed  to  be  present.  After  the  prk:cipilate  has 
settled,  filter  and  wash  with  dilute  ammonia.  The  filtrate  is  nearly  neti- 
.  tralized  with  HNO,.  then  rendered  slightly. acid  with  HCjH.O,,  and 
healed  imtil  the  Zn  NH,PO,  becomes  cryslalline,  when  it  may  be  fil- 
tered off  and  treated  as  usual.  The  method  is  best  adapted  to  solutions 
containing  much  Zn  and  tittle  CaO  and  MgO.  If  much  CaO  and  MgO 
are  prtsent,  the  preripitated  phosphates  should  be  redissolved  in  HCi, 
and  reprecipitated. 

The  CaO  and  MgO  may  be  separated  by  Chester's  method  {Amer. 
Ckem.,  1876,  aSi),  precipitation  of  the  CaO  in  a  boiling  hot  solution 
(cuntdining  a  slight  excels  of  free  HCI)  by  means  of  (NH,),C,0,. 

Reaction  of  Ferric  Salts  with  Sulphecyanates.  Vernon  {Cnem. 
News,  Ixvi.,  191,  Z02  and  214)  concludes  that  dilution  has  a  potent  influ- 
ence with  solutions  of  ferric  sulphocyanate  on  account  of  the  dissocia- 
tion which  occurs.  When  a  large  excess,  either  of  ferric  salt  or  of 
alkaline  sulphocyanate  is  present,  the  ferric  sulphocyanate  (color)  is 
more  stable  On  testing  the  color  reactions  obtained  by  the  use  on  the 
OTie  hand  of  various  ferric  salts,  and  on  the  other  hand  of  alkaline  and 
alkaline  earth  sulphocyanates,  the  proportion  of  ferric  sulphocyanates 
produced  was  foimd  to  be  proportional  to  the  product  of  two  constants ; 
one  dcjiending  upon  the  nature  of  the  acid  of  the  ferric  salt ;  the  other 
on  the  nature  of  the  base  of  the  sulphocyanate. 

Heat  increases  the  color  obtained  with  ferric  salts  of  monobasic 
acids,  but  diminishes  the  color  with  ferric  salts  of  |K)l}-basic  acids. 
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Separation  of  Iron.  Rothe  iMitth.  Kdnig  techn  Versuc/:sanst,x.,  131) 
descril>es  a  process  depending  upon  the  sohibiliiy  of  Fe,Ci,  in  ether,  Mn 
Cr,  Ni  and  Al  chlorides  as  weli  as  FeCI,  are  noi  soluble  under  the  con- 
ditions obtained.  Those  of  Co  and  Cu  are  only  slightly  soluble,  and 
raay  be  removed  from  the  ether  solution  by  altering  the  conditions.  In 
the  case  of  iron  and  steel  dissolve  5  gms,  in  HCl  (Gr  1.124)  evaporate 
to  dryness  and  heat  to  120°  C,  Redissolve  in  30  c.c.  of  HCl,  boil,  di- 
lute, filler  off  SiO,.  Concentrate  to  small  bulk,  add  10  c.c.  HCl,  and 
oxidize  at  a  boiling  heat  by  adding  cone.  HNO,  drop  by  drop  (about 
a— 2.5  c.c,)  evaporate  until  Irasic  chloride  begins  to  separate.  Then  add 
50  to  60  c.c,  cone,  HCl,  and  shake  out  twice  with  ether.  If  Cu  or  Co  are 
present  the  small  amounts  taken  up  by  the  ether  may  be  removed  by 
shaking  it  with  HCl  of  Sp.  Gr.  1.04.  The  solution  will  contain  Al,  . 
Mn,  etc.,  as  chlorides  practically  free  from  Fe. 

Separating  Ferric  Oxide  from  Alumina  in  Phosphatic  Rocks.  Giaser 
{fharm.  Sev.,  Oct.,  1891  and  /.  Ami.  and  App.  Chem.,  vi.,  514)  de, 
scribes  his  method.  The  HCl  solution  is  nearly  neutralized  with  ammo- 
nia, using  methyl  orange  as  indicator.  NH,C,H,0,  is  then  added  until 
the  color  changes  to  pale  yellow.  Heat  to  not  over  7o''C.  until  the  (Al 
Fe)  PO,  has  completely  separated,  filter  and  wash.  Some  CaO  may 
come  down  with  the  first  precipitate,  so  that  it  is  well  to  redissolve  and 
reprecipitate  again,  adding  a  little  Na,HPO,  to  the  solution,'  After  dry- 
ing ignite  (at  not  too  high  a  temperature),  in  a  weighed  platinum  cruci- 
ble. Weigh,  cover  with  dry  Na,COj  and  fuse  for  about  ten  minutes. 
Cool,  dissolve  and  melt  in  boiling  water,  filter  out  FCjU,,  dissolve  it  in 
HCl  and  precipitate  by  ammonia  for  weighing.  In  the  water  solution 
from  the  melt,  acidify  with  HCl,  boil  out  CO,,  add  NH,C,H,0,  and  pre- 
cipitate Al  PO,  in  the  manner  described  above. 

Manganese  in  Manufactured  Iran.  Von  Reis  {Zis.  angcw.  Chem., 
1892,  604  and  672).  Prepare  a  mixture  of  275  volumes  H,0,  125  vol- 
umes HNO,  and  100  volumes  H,S0,.  Treat  i  gm.  of  pig-iron,  spiegel 
or  ferro-manganese  with  25  c.c,  of  this  mixture  in  a  porcelain  dish. 
When  solution  has  been  effected,  evaporate  to  SO,  fumes,  cool,  dilute  to 
about  too  c.c.  add  10  c.c.  of  the  acid  mixture  and  heat  until  all  salts 
are  dissolved.  Rinse  into  a  litre  Erlenmeyer  flask,  add  about  3  gms, 
dry  BaO,  and  5  c.c.  cone.  HNO,— ooil  two  to  three  minutes  to  decom- 
pose the  BaO,,  Then  add  400  c.c.  of  water  at  a  temperature  of  about 
90°  and  a  slight  excess  of  ZnO.  (It  is  noted  that  it  is  pos,sible  to  add 
too  much  ZnO,  in  which  case  the  precipitate  assumes  a  reddish -brown 
tint).  Titrate  with  standard  permanganate  (Volhard).  For  pig  or  cast 
iron  the  value  of  the  permanganate  should  be  i  c.c.  ^  o.ooi  Mn.  ;  for 
Spiegel  and  ferro- manganese  ic  should  be  i  c.c.  ^=  0.005  ^"-  The 
arrangements  for  the  standard  solutions,  burettes,  etc.,  are  minutely 
described. 

Determination  of  Chromate.  Perrault.  i^Monit.  Sci.,  1892,  7:1).  A 
"10  volume"  solution  of  H,0,  is  diluted  ten  times  and  standardized 
thus:  3  c.c.  of  a  solution  containing  37  gms.  K,Cr,0,  per  litre  are 
diluted  to  I  litre.  Of  this  50  c.c.  are  neutralized  with  a  ro  percent, 
solution  of  ammonia,  and  1.5   c.c,  of  10  per  cent.  HCi  added.     The 
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H,0,  solution  is  ihen  run  in  until  no  more  blue  coloration  ensues.     The 
analysis  is  conducied  by  producing  conditions  essentially  similar  with 

the  substance  analyzed. 

Nickelin  Preseme  of  Cobalt.  Lafay  {Jour.  Pharm.  Ckem.  [5],  xxvi., 
67).  If  one  adds  to  a  5  per  cent,  solution  of  CoCi,  (nearly  neutral)  an 
equal  volume  of  cone,  K,Cr,0,  solution,  and  a  large  excsss  of  ammo- 
nia, a  precipitate  Immediately  forms,  whicli  can  be  redissol/ed  by  addi- 
tion of  excess  of  30  per  cent.  KOH  solution.  Nickel  under  the  same 
conditions  gives  no  precipitate  with  the  ammonia,  and  a  greenish- white 
precipitate  with  the  KOH.  The  same  reactions  occur  when  the  two 
metals  are  present  in  the  same  solution,  and  therefore  affords  a  ready 
■  method  for  the  detection  of  ope  in  presence  of  the  other. 

Cyanide  Separation  of  Nickel  and  Cobalt.  Qualitative,  Hambly 
{C-iem.  News,  Ixv.,  28).  Dissolve  the  sulphides  in  HCl  -f  KCIO,, 
evaporate  to  remove  excess  of  acid,  neutralize  and  dilute,  add  an  excess 
of  KCy  in  cold  water,  make  alkaline  with  NaOH,  ,idd  about  twice  its 
volume  of  Br  water,  heat  gently  and  filter  off  Ni,(OH),.  In  the  filtrate 
acidify  with  H,SO„  evaporate  low,  add  ammonia  and  (NH,)^,  and  test 
the  precipitate  with  the  bead. 

Volumetri'c  for  Arsenic  Add.  Fr.inreschi  {L'Orosi,  xv.  192)  uses 
a  standardized  solution  of  Fe,Ci,  with  KCNS  as  indicator.  The  arsenic 
acid  solution  must  be  neutral,  and  free  from  acetate  or  phosphate.  In- 
soluble arsenates  must  be  decomposed  with  Na,CO,  and  the  solution 
neutraliztrd  with  HCl  before  titrating.  If  phosphates  are  present,  the 
arsenic  must  be  separated  as  sulphide,  and  converted  to  arsenate.  Con- 
versely ferric  salts  may  be  titrated  with  alkaline  arsenate,  the  end  reac- 
tion being  marked  by  decolor izat ion  of  ferric  sulphocyanaie  in  the 
solution. 

Rapid  Precipitation  of  As^S^.  Neher  {Fres.  Zts.  Anal.  Chem.,  xxxii., 
45)  finds  that  precipitation  is  rapid  in  strong  HCl  solution  (containing 
at  least  two  volumes  cone.  HCl  to  one  vol.  of  water).  A  rapid  stream 
of  HjS  must  be  passed  for  about  ij^  hours.  Care  is  necessary  to  avoid 
heating  the  solution,  either  before  or  during  the  passage  of  the  gas. 
After  filtering,  the  precipitate  should  be  finally  washed  with  hot  alcohol 
to  remove  the  traces  of  sulphur  which  may  accompany  it. 

Detection,  Etc.,  of  Arsenic.  Thiele  {Lieiig's  Annalen.  cclxv.,  p.  55) 
reports  with  regard  to  this  subject.  Hypophosphorus  acid  precipitates 
the  element  without  boiling,  in  a  solution  strongly  acidified  with  HCl. 
The  addition  of  KI  facilitates  the  reaction. 

In  the  Marsh  apparatus  metallic  iron  may  be  used  to  precipitate  Sb, 
allowing  the  As  to  escape  as  AsH,.  The  iron,  however,  must  be  free 
from  sulphide,  or  the  As  will  uot  all  be  evolved. 

The  use  of  platinized  zinc  in  (he  Marsh  apparatus  diminishes  the 
delicacy  of  the  test.  A  rapid  current  of  H,S  precipitates  As^S^  from  a 
warm  acidified  solution  of  H,.\sO,.  A  slower  stream  gives  a  mixture  of 
ASjSj,  As,Sj  and  S.  The  same  thing  occurs  in  the  cold  if  the  solution 
is  strongly  acidified  with  HCl,  also  when  the  gas  is  diluted  but  passed 
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in  a  rapid  current  through  a  warm  acidified  soluiion.  The  reduction  to 
HjAiO,  by  concentrated  acid  as  described  by  Mayrhofer  was  not  found 
to  occur,  A  description  is  given  of  the  method  for  obtaining  and 
determining  all  the  As  in  a  substance,  evolving  it  as  AsH,. 

Delfrmination  of  Antimony.  Paul  (Z/j,  Anal.  Chem.,  xxxi,,  537) 
precipitates  as  sulphide  (tri-  or  penta-)  and  filters  through  a  Goock  cru- 
cible with  asbestos  bed.  He  then  adds  sulphur  (flowers)  and  heats  for 
Sonne  time  in  200-330°  C.  in  a  current  of  CO,,  which  affords  SbjS,.  A 
special  form  of  apparatus  for  the  purpose  has  been  designed  by  the 
author. 

Detection  of  Gold.  Rose  {Oiem.  News.,  Ixvi.,  271I  gives  a  method 
of  applying  the  purple  of  cassius  test,  whirh  he  has  found  to  be  exceed- 
ingly delicate.  The  solution  (which  may  contain  only  i  part  Au.  per 
hundred  million)  is  brought  to  boiling,  and  then  quickly  poured  into 
10  c.c.  of  a  saturated  solution  of  SnCi,  in  such  a  way  as  to  mix  the 
liquids  as  rapidly  as  possible.     The  color  will  at  once  develop. 

icus  {Beiichte,  xiv.,  3490)  converts  the 
1  KOH.and  then  precipitates  by  pass- 
ing CO,  for  a  couple  of  hours.  The  precipitate  is  filtered  off,  washed 
and  dissolved  in  HNO,,  and  precipiipted  electrolytically  as  PbO,.  It 
was  also  found  possible  to  precipitate  as  PbO,  from  the  KOH  solution 
above  mentioned,  by  passing  a  slow  current  of  Br  gas. 

Detecting  Lead  in  Presence  of  Copper  and  Iron.  Feed  (Analyst,  xvii., 
142),  In  beverages,  etc.,  where  these  metals  may  be  present  in  small 
quantities  (NH^),  S  is  a  delicate  reagent.  This,  however,  does  not  dis- 
tinguish between  Pb  and  Cu  unless  KCy  is  added,  when  a  dark  colora- 
tion is  due  to  Pb  only,  the  CuS  being  soluble  in  cyanide. 

Titration  of  Thallium.  Spenholz  (Z/j.  Anal.  Cfiem.,  xxxi.,  519)  pro- 
poses to  titrate  thallious  salts  with  standardized  solutions  of  bromine 
water.  The  end  reaction  is  a  yellow  color  in  the  solution  from  excess 
of  Br.     Two  atoms  Br.  oxidize  1  atom  Tl,  to  the  thallic  form. 

Eleetrolyfie  Separations.  Smith  and  Wallace.  {Jour.  An.  and  App, 
Chem.,  vi.,  87).  In  KCy  solutions  Au  is  readily  separated  from  As,  Mo 
or  Os,  also  from  W  if  WO,  is  dissolved  np  In  KCy,  If,  however,  the 
WO,  isdissolved  in  KOH  and  KCy  is  added,  the  separation  is  unsatis- 
factory. Cd,  Ag  or  Hg  are  readily  separated  from  Os  in  a  KCy  solu- 
tion, Cd  is  separable  from  Ni  and  KCy  solution  if  KOH  is  present. 
If,  however,  only  KCy  was  present  no  separation  was  effected. 

Electrolytic  Separations.  Rodorff(Z/f.  angew.  Chem.,  1892,  695). 
Classens'  methods  with  oxalates  were  not  found  to  be  so  convenient  as 
claimed  in  many  cases.  In  these  experiments  Meidinger  cells  were 
used,  and  10  to  13  hours  were  allowed  for  most  of  the  precipitations. 

Au  was  separated  o.  r  to  0.3  gm.  from  120  c.c,  of  solution  containing 
3-3  gms.  KCy,  by  the  use  of  2-3  cells. 
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Pt,  O.I  to  0.5  gms.  separated  from  lao  ex.  of  solution,  acidified 
with  H,SO,  by  z  cells. 

Ag  separated  from  Cu,  where  the  combined  weight  of  both  metals 
was  0.5  gm.  or  less.  Soiulion  iii  c.c.  containing  8  gms.  KCy  if  the 
Ag  predominated,  or  12  gms.  KCy  it  the  Cu  predominated.  *  to  3 
ctlls.  The  solution  was  (hen  evaporated  with  H,SO,  to  expel  HCy, 
and  elecirolyzed  after  addition  of  3  gms.  NH,NO,  and  20  c.c.  ammonia 
(Gr.  0.911. 

More  rapid  work  could  be  obtained  by  precipitating  Ag  by  NaCl, 
and  separating  only  (he  Cu  by  electrolysis  after  addition  of  ammonia 
and  nitrate  as  above,  using  3  lo  5  cells. 

Hg  from  Cu  (combined  metals  0.4  gm.  or  less),  electrolyze  (izo  c.c.) 
solution  containing  6  gms.  KCy  if  Hg  predominates,  or  10  gms,  KCy 
if  Cu  predominates.  Separate  Cu  from  the  solution  as  in  the  ca.se  just 
cited. 

Cdfrom  Cu  {combined  metals  0.5  gm.  or  less).  Divide  in  halves.  In 
one  half  add  2  c.r.  HNO,  and  precipitate  Cu.  To  the  other  half  add 
1 2  gms.  KCy  and  electrolyze  out  Cd,  2-3  cells  in  each  case. 

Cufrom  Ni  (combined  metals  0.4  to  0.5  gm).  Add  i  c.c.  HNO,  first 
and  precipitate  Cu  (2-3  ceils)  in  120  c.c.  Then  add  2  c.c.  of  a  satu- 
rated solution  of  NaC,H,0,,  potir  off  the  liquid,  rinse,  evaporate  to  half 
the  original  bulk,  add  20  c.c.  of  saturated  solution  of  (NH,),SO,  and 
25  c.c.  ammonia  and  precipitate  out  Ni  by  4  to  6  cells. 

EUclrofytie  Separation  of  Copper.  Drossbach  {^Chem.  Ztg.,  xvi.,  818) 
finds  that  on  electrolyzing  an  ammoniacal  soiulion  of  copper,  the  metal 
is  deposited  without  contamination  on  account  of  the  possible  presence 
of  Ag,  Bi,  Sb,  As  or  Sn.  Hg  and  Cd,  however,  may  interfere  under 
these  conditions.  If  the  action  of  the  current  is  much  prolonged  after 
complete  deposiiion  of  Cu — Ni,  Co  or  Sn,  if  present,  will  also  be  par- 
tially ^deposited. 

Electrolyfie  Separation  of  Palladium  and  Platinum  from  Iridium. 
Smith  (Am.  Ckem.  Jour.,  xiv.,  435)  finds  that  iridium  is  not  precipi- 
tated by  the  electric  current  from  solutions  containing  an  excess  of 
alkaline  phosphate  and  free  phosphoric  acid,  whereas  both  palladium 
and  platinum  separate  readily. 

Detecting  Chlorine  and  Bromine  in  Presence  of  Iodine.  MacNair 
(Chem.  News,  Ixvi.,  5).  Preci])iiate  with  excess  of  AgNO,,  filter  and 
wash,  and  heat  the  precipitate  with  powdered  K,Cr,0,  and  a  little  cone 
H,SO,.     I  is  converted  to  AglOj  while  CI  or  Br  if  present,  are  evolved 

in  elemental  form. 

Separation  of  Iodine  and  Chlorine.  Jannasch  and  Aschoff  .(Zls. 
Anorgan.  Chem.,  1892,  248),  find  that  Til  is  insoluble  in  dilute  alcohol 
in  presence  of  NH^  salts,  whereasTlCI  is  soluble. 

To  40  or  50  c.c.  of  a  solution  containing  about  0.5  gm.  of  the  mixed 
alkaline  salts  is  added  50  c.c.  of  a  20  per  cent.  {NH,i,SO,  solution,  and 
30  c.c.  of  alcohol.  A  4  per  cent,  solution  of  Ti,SO,  is  then  added, 
until  precipitation  is  complete.     After  12  hours  standing  the  precipitate 
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may  be  filtered  off.  washed  with  a  weakly  alcoholic  solution  of  (NH,), 
SO,,  finally  with  alcohol  alone,  dried  and  weighed. 

Cardan  in  Organic  Substances.  Okada  {Arch.  Hyg.,  xiv.,  364). 
When  organic  substanres  are  treated  as  in  Kjeldahl  process,  all  the 
carbon  is  evolved  as  CO,.  By  passing  the  gases  evolved  through  water 
(to  take  up  SO,,  etc.)  and  then  through  permanganate  (to  remove  SO,) 
the  CO,  may  be  passed  into  Ba(OH)2  and  then  estimated. 

Determining  Sulphide  Sulphur.  Marchlewski  {^Fres.  Zls  Anal.  Chem., 
xxxii.,  i)  has  made  examination  of  these  methods.  The  material  used  for 
the  experiments  was  a  shg  cement  containing  1.157  per  cent,  sulphur 
as  sulphide, and  a  small  amount  of  sulphate.  Tests  were  first  made  on 
methods  involving  direct  oxidation  of  the  substance,  and  subsequently 
precipitating  BaSO^. 

Oxidation  by  aqua  rcgia  was  taken  as  the  control  method. 

Oxidation  by  CVin  acid  solulion  or  by  use  of  If  CI  and  K CIO,  gave 
correct  results  but  was  longer  than  the  aqua  regia  method. 

Oxidation  by  Ci  in  alkaline  solution  gave  low  results. 

Fresetiius's  method  of  oxidation  with  red  fuming  nitric  acid  was  more 
tedious  than  the  aq\ia  regia  method  on  account  of  the  difficulty  of 
compleily  oxidizing  the  last  portion  of  S. 

Incidentally,  experiments  were  made  as  to  the  volatiliza'ion  of  Fe,Cl, 
on  evaporating  the  HCl  solutions.     Loss  of  Fe,CI,  was  found  to  occur. 

Oxidation  itiilk  Bri/mine  was  not  so  generally  applicable.  A  long 
time  (24  hours)  was  necessary.     Loss  of  FcjBr,  on  evaporation  did  not 

/J,0,  for  oxidation  takes  much  time  and  is  often  incomplete. 

Permanganate  is  imsatisfactory  on  account  of  the  persistency  with 
which  Mn  salt  clings  to  the  BaSO,  involving  long  washing. 

Fusion  with  alkaline  nitrate  gave  correct  results. 

Banmann's  endiometric  method,  depending  on  the  following  reactions 
was  found  unsuitable : 

H,0,  +  2CrO,=  H,0  +  Cr,0,. 
Cr,0,  +  3H,S0.  +  4H,0,  =  Cr,(SO.),  +  ^Y^fi  +  O,. 

Volumetric  methods,  after  conversion  to  alkaline  sulphate,  were  tested. 
Those  of  Mohr,  Clemm,  Wilsing,  Gawalowski,  Bohlig  and  Knoflcr, 
These  methods  depend  upon  the  sensitiveness  of  alkalimelric  indicators 
to  alkaline  carbonate,  and  their  indifference  to  BaCOj.  Bohlig's  method 
consists  in  causing  an  interchange  of  acids  and  bases  between  BaCO, 
and  alkaline  sulphate  in  presence  of  CO,,  the  others  in  precipitation  by 
standard  BaCl,,  the  excess  of  which  reacts  with  Na,CO,  affording  NaCl 
and  BaCO,,  neutral  to  indicators.  The  results  by  these,  methods  were 
usually  within  about  1  per  cent.,  but  the  presence  of  ammonia  salts 
(which  could  not  well  be  avoided  in  many  analyses)  was  detrimental. 

Andrew's  method. — Precipitation  of  sulphate  by  an  excess  of  BaCrO, 
dissolved  in  HCl,  and  determining  excess  of  chromate  by  adding  KI 
and  titrating  the  I  set  free,  gave  excellent  results. 

Various  evoi-otion  methods  were  tried,  the  operations  conducted  in 
an  atmosphere  of  CO,. 
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Craig's  H,0,  method  was  very  exact. 

The  iodomeirk  wr/Asi/— essentially  on  the  same  lines  as  Elliott's  {vid. 
Blah's  ^na/.  ef  /ran,  etc.,  2d  ed.,  p.  000) — of  Fresenius,  Biinsen,  Topf, 
Groijer  and  Baumanii,  gave  very  exact  and  concordant  results. 

Muller's  method,  passing  the  gas  into  HNO^,  is  elaborate  and  gives 
low  results.  Aqua  regia  instead  of  HNO,  gave  good  results  buc  no 
special  advantage. 

Permanganate  as  an  oxidizer  for  the  H^  gave  difficulty  in  the  adher- 
ence of  Mn  salt  to  the  BaSO,. 

Koninek's  AgNO,  method,  consisting  of  filtering  off  Ag,S.  oxidizing 
with  Br,  filtering  off  the  AgBr,  and  precipitating  with  BaCl,  was  slow 
but  exact.  Koninck's  second  method  in  which  Hg  was  substituted  for 
Ag  was  more  convenient. 

Weil' s  ammoniacal  copfter  method  Kn  which  the  excess  of  Cu  is  deter- 
mined in  an  aliquot  part  by  titration  with  SnCI,  proved  untrustworthy. 

Berg's  absorption  by  tin  solution,  and  titration  by  I  after  adding  HCl 
gave  good  results. 

Osmond's  eolorimetrie  method  with  AgNO^  and  Hardy  and  Arnold's 
colorimetric  method  with  Pb(CjHjO,),  proved  slow  of  execution. 

The  remark  of  Hibsch  is  quoted  that  iodine  methods  for  S  in  evolu- 
tion processes  cannot  be  well  applied  to  manufactured  irons,  since  the 
hydrocarbons  evolved  affect  the  iodine. 

Sulphur  in  Irons,  Evolution  Method.  Schindler  {Zls.  angeti'.  Chem., 
1893,  II),  finds  that  unless  cone.  HCl  (Sp.  Gr.  1.19)  is  used  in  these 
methods  (in  an  atmosphere  of  CO,),  all  of  the  S  will  not  be  carried 
over  in  the  evolved  gases.  This  seems  to  explain  the  conflicting  testi- 
mony of  different  chemists  as  to  the  value  of  these  methods. 

Sulphur  in  Sulphide  Ore  and  in  Some  Organic  Sulphur  Compounds. 
Lindemann  and  Motten  {Bull.  Acad  Roy.  Belg.  [3],  xxiii.,  827).  To 
oxidise  blende  or  pyrites,  o.i  to  0.3  gm.  are  rubbed  up  in  an  agate  mor- 
tar with  a  few  drops  of  concentrated  bleaching  powder  solution  to  a 
thick  paste.  The  rubbing  is  continued,  with  frequent  addition  of  the 
bleaching  powder  solution,  until  a  bulk  of  30  to  40  c.c.  is  attained. 
Then  HCl  (of  5  per  cent.)  is  added  to  small  portions  until  the  oxides 
are  dissolved.  Then  stronger  acid  is  added  to  dissolve  the  CaSO,,  the 
solution  is  gently  warmed  to  expel  CI  anil  after  filtration  the  solution  is 
precipitated  with  BaCl,.  With  galena  all  the  lead  is  converted  by  this 
treatment  to  PbO,. 

Sulphur  in  Burnt  Pyrites.  Lunge  (Z/r,  angew.  Chem.,  1891,  447), 
applies  Watson's  method  thus  :  3.2  gms.  of  the  sample  are  mixed  with  2 
gms.  NaHCO,  of  known  alkalimelric  strength,  and  the  mixture  is  heated 
in  a  nickel  crucible  to  a  temperature  sufficient  to  decompose  the  bicar- 
bonate for  10  to  15  minutes.  Then  a  stronger  heat  sufficient  to  render 
the  mass  red  hot,  but  not  to  fuse  it,  is  applied  for  10-15  minutes  more. 
The  mass  (which  should  be  black  and  porous)  is  treated  with  hot  water, 
and  a  stron;;  solution  of  absolutely  neutral  and  pure  NaCl  is  added  that 
a  clear  filtrate  may  be  obtained.  If  it  does  not  run  clear,  more  NaCI 
must  be  added.    The  clear  filtrate  and  washings  are  titrated  with  fifth 
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normal  HCl.    The  S  is  calculated  from  the  amount  of  alkalinity  of  the 
bicarbonate  which  has  been  destroyed  by  conversion  to  Na,SO,. 

Sodium  Hyposulphite  and  Potassium  Permanganate.  Lucltow  {Fres. 
Zls.  Anal.  Chem.,  xxxii,,  53),  finds  that  in  acid  or  alkaline  solutions  the 
reaction  between  these  salts  affords  sulphate  and  hyposulphate,  which 
may  be  detected  after  precipitating  sulphate  by  BaCl,.  The  action  might 
be  represented  thus : 

2  Na,S,0,  +  H,0  +  O,  =  2  Na,SO,  -f  H,S,0,. 

Phosphorus  in  Iron  Ores.  Crobaugh  (,/our.  Anal,  and  A  pp.  Chem., 
vi.,  483).  Treat  5  gms,  in  a  6-inch  evaporating  dish,  with  6u  c.c.  cone, 
HCl.  Rest  the  dish  on  a  large  disc  of  asbestos  board  which  has  a  two- 
inch  hole  in  the  centre.  Evaporate  to  15  c.c.  Add  35  c.c.  HNO,  and 
evaporate  to  15  c.c.  Dilute  to  about  35  c.c;  filter  into  a  shaking  flask. 
Ignite  the  filler  over  a  blast  lamp  and  fuse  with  Na,CO,.  Dissolve  the 
melt  in  about  25  c-c.  of  dilate  HNO,  (Gr.  1.135)  boil  and  then  filter 
into  the  shaking  flask.  The  total  tiulk  of  the  united  solutions  need  not 
exceed  150  c.c.  Heat  to  90  c.c,  add  75  c.c.  molybdate  solution 
(Drowns's  formula).  Shake  5  minu:es  as  usual,  filter,  wash  with  z  per 
cent.  H,SO,.  Reduce  with  granulated  zinc.  After  reduction  filter 
through  a  funnel  stopped  with  a  small  plug  of  cotton  to  remove  the  Zn. 
Titrate.     The  operation  may  be  carried  through  in  ij4  hours. 

Possible  Error  in  Gravimetric  Determinations  of  Phosphate.  Neu- 
bauer  [Zts.f.  anorg.  Chem.,  i8y2,  45)  finds  that  in  some  cases  PjOj  is 
volatiiiKeil  by  ignition  of  the  Mg  precipitate.  The  idea  is  expressed 
that  in  the  presence  of  free  ammonia  some  mono-magnesium  phos- 
phate Mg  (NHJ,(PO,),  is  precipitated.  On  ignition  metaphosphate  is 
formed,  which,  by  continued  heating,  passes  into  pyrophosphate  with 
loss  of  P.Oj. 

Phosphoric  Acid  in  Basic  Slaga.  JoUes  {Zls.  Anal.  Chem.,  xxxl., 
516)  finds  that  ilie  method  of  Albert,  according  to  which  the  slag  is 
treated  with  HCl,  and  evaporated  only  to  a  jelly,  gives  inaccurate  re- 
sults, the  Mg  precipitate  always  containing  SiO,.  He  recommends 
evaporating  to  complete  dryness,  filtering,  etc.,  adding  Joulie's  solution 
(ammoniacal  ammonium  citrate)  and  precipitating  with  magnesia  min- 
ture.  The  volumetric  method  with  uranium  salt  he  finds  untrustworthy, 
and  quotes  with  approval  the  decision  of  the  Congress  of  Chemists  at 
Hanover  to  the  same  effect,  Firby  {Chem.  Ne7vs,  Ixvi.,  293)  criticizes 
advereely  the  method  here  given,  as  he  finds  that  the  use  of  Joulie's  so- 
lution gives  results  too  high. 

Titration  of  Pyro-  and  Meta-  Phosphates.  Von  Knorre  {Zts.  Ang. 
Chem.,  1892,  639)  finds  that  methyl  orange  is  neutral  to  Na,H,P,0,. 
Phenolphthalein  shows  the  alkaline  color  with  Na,?,0,,  but  acid  with 
NajH,P,0,.  With  Ca,P,0„  however,  it  is  neutral,  so  that  by  adding 
CaCl,  and  titrating  with  CaCOH)^  solution  neutrality  is  attained  with 
phenolphthalein  as  indicator,  when  the  solution  contains  Ca,P,0,. 

Attempts  looking  to  the  determination  of  metaphosphate  in  presence 
of  pyrophosphate  were  unsuccessful. 
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Kjeldahl Process.  Gunnings  Modification.  Winton  {Bull.  No.  ii2. 
Conn.  Agr.  Exfi.  Sta.)  finds  that  the  chief  objeclion  to  Gunning's 
method  lies  in  the  frothing  of  the  mixture  (i8  gms.  K,SO,  with  la  c.c. 
H,SO,)  during  the  first  stages  of  the  operation.  (With  this  proportion 
of  KjSO,  the  use  of  Hg  or  HgO  is  unnecessary).  In  the  case  of  sub- 
stances containing  nitrates,  the  reduction  of  the  nitrates  with  H,SO,, 
salicylic  acid  and  zinc  (Scovell's  method)  must  be  performed  before  any 
K^O,  (i2  gms,)  is  added,  otherwise  the  heat  which  must  be  applied  to 
keep  the  mass,  liquid  is  too  high.  When  the  organic  matter  has  been 
destroyed,  water  is  added  gradually  to  maintain  the  solution.  The 
distillation  with  NaOH  is  finally  conducted  in  the  usual  manner. 

Arnold  and  Wedemeyer  (Z/s.  Anal.  Client.,  xxxi.,  515!  find  that  the 
destruction  of  the  organic  substance  proceeds  more  rapidly  if  the  Gun- 
ning method  is  combined  with  the  use  of  HgO  and  CuSO,,  as  recom- 
mended by  Arnold.  {Zts.  Anal.  Ckem..  xxv„  581).  The  K,SO.  wa.s 
added  a  Hide  at  a  time  to  moderate  the  frothing,  in  the  distillation,  if 
Zn  dust  ii  added,  the  use  of  K^  is  unneccK^ry. 

Total  Nitrogen  {Kjeldahl  Process\  Huguet  {Jour.  Pharm.  Chrm., 
[g],  xxvi.,  54)  proposes  to  heat  to  boiling  a  mixture  of  10  pms.  KHSO, 
and  5  ex.  cone.  H,SO„and  then  10  add  the  material  (little  by  little);  if 
a  liquid,  drop  by -drop,  the  blackening  of  the  acid  being  allowed  to 
[)ass  off  more  or  less  completely  after  each  addition.  The  rest  of  the 
method  is  conducted  as  in  the  case  of  the  Gunning  modification.  Sub- 
stances which  yield  with  difficulty  to  the  process  as  ordinarily  con- 
ducted, are  more  readily  managed  by  this  modification. 

Nitrous  and  Nitric  Acids.  Veley  {Chrm.  News,  Ixvi.,  175),  in 
making  expi;riments  as  to  the  conditions  of  formation  and  decomposi- 
tion of  HNO„  finds  that  the  oxidation  of  HNO,  by  permanganate  is 
very  slow  toward  this  end  of  the  operation,  so  that  to  get  a  satisfactory 
determination,  a  slight  excess  of  permanganate  is  added,  the  solution 
allowed  to  stand  30  minutes,  and  the  excess  of  permanganate  deter- 
mined by  KI  and  standard  Na^S,0,.  By  determining  the  total  acidity 
in  another  portion,  the  data  for  estimation  of  both  HNO,  and  HNO, 
were  obtained. 

Color  Standard  /or  Waters.  Hazen  {Am.  Ckem.  Jour.,  xiv.,  300) 
proposes  to  make  a  standard  solution  containing  1.246  gms.  K^PtCI, 
(=0.5  gm.  Pb),  I  gm.  crystallized  CoCl,  (=0.25  gm,  Cu),  and  100 
c.c.  cone.  HCl  per  litre,  i,  2,  3.  etc.,  c.c.  of  this  stock  solution  are  di- 
luted to  so  c.c.  in  Nessler  cylinders,  corresponding  to  0.1,0.2,0.3, 
etc.,  degrees  of  color  standard. 

Metallurgy,  by  Joseph  Struthebs. 

Copper.  Bessrmerizing  Copper  Matte. — "  The  Treatment  of  Cop- 
per Ores  at  Bogolowsk,  Russia,"  Annates  des  Mines,  9th  Series,  vol.  ii. 

The  ore  treated  is  a  cupriferous  pyrtte  occurring  in  dioriie  veins 
carrying  4  to  5  per  cent,  copper.     Analyses  made  in  1SS9  showed  : 
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A1^,,.. 
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MfiO... 
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(Cu  4.48) 
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(C«3-io)    I 


4S-70 
18.85 


4-53 
0.852 
a6i7 


!  (Cu  =  1.271 


The  Bessemer  Process. — The  application  of  ihe  Bessemer  process  to 
copper  mattes  presents  great  difficulties  ;  when  the  production  of  black 
copper  from  matte  is  attempted  in  one  operation,  the  teraperaiur?  of 
the  metallic  bath  falls  very  low  towards  the  end.  At  the  beginning, 
owing  to  the  oxidation  of  the  iron  and  sulphur,  the  temperature  is  high. 
At  the  end,  however,  black  copper  is  scattered  through  the  matte,  and 
sponges  are  formed  which  thicken  the  balh  and  are  cast  out  violently 
by  the  blast.  In  this  way  large  losses  of  copper  occur.  At  the  end 
the  copper  obtained  is  spongy,  poor,  and  refined  with  difficulty.  M. 
Auerbach  divided  the  operation  into  two  parts,  the  first  oxidation  giving 
a  white  metal  of  60  per  cent.  co|>per,  the  second,  black  copper  of  96 
per  rent.,  with  (he  advantage  of  separating  the  poor  slags  of  the  first 
operation  from  the  rich  slags  of  (he  second  operation.  This  division 
causes  less  ioss  in  copper  and  but  slightly  increased  expense,  owing  to 
the  fusion  of  the  matte  in  a  reverberaiory  furnace.  In  a  converter  of 
the  Manhe^  type  the  tuyeres  are  in  a  horizonlal  position,  almost  at  the 
surface  of  the  bath.  Shortly  after  the  commencement  of  the  operation 
slags  are  abundantly  formed  at  ihe  surface.  The  blast  then  acts  on  these 
slags  and  not  on  the  matte  and  the  oxidation  Is  considerably  less 
energetic.  If  these  tuyeres  are  placed  vertically  at  the  bottom  as  in 
the  Bessemer  converter  for  steel,  the  black  copper  remains  at  the  bottom 
owing  to  the  ditference  in  gravities  between  it  and  the  matte.  The 
blast  then  blows  through  the  copper,  giving  rise  to  projections  and 
losses.  M.  Auerbach  places  the  tuyeres  at  an  an  angle  of  45°,  and  so 
calculates  ihe  quantity  of  the  charge  so  that  when  the  white  meial  or 
black  copper  is  formed  the  surface  of  the  separation  from  the  slag  is 
almost  at  the  outlet  of  the  tuyeres.  In  this  manner  he  does  not  blow 
through  the  slags,  nor  does  he  oxidize  the  product,  rich  in  copper,  which 
remains  at  the  bottom.  One  of  the  causes  which  led  to  the  abandon- 
ment of  the  Manh^s  process  at  the  Vivian  works  was  the  enormous  con- 
sumption of  refractory  materials.  The  melted  white  malte  is  extremely 
corrosive.  In  a  very  short  time  it  cuts  through  the  hearths  of  the  rever- 
beratories  and  strongly  corrodes  the  sides  of  the  converters;  as  in  the  Bes- 
semer process  for  steel,  it  is  impossiole  to  charge  siliceous  sand  without 
freezing  the  bath,  the  scorification  is  therefore  made  at  the  expense  of  the 
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lining.  When  the  use  of  high  quality  refractory  material  is  made,  after 
a  few  blows  the  lining  must  be  replaced.  M.  Auerbach  uses  ordinary 
■  clay,  which  answers  sufficiently  well  for  both  converters  and  reverbera- 
tories.  This  common  cUy  is  hardly  attacked  any  more  than  siliceous 
bricks,  "and  Ls  replaced  with  slight  expense.  Under  these  conditions 
the  modified  Manh^s  process  is  successful.  In  August,  i8gi,  the  Bes- 
semer work.s,  built  at  a  cost  of  aoo.ooo  roubles,  consisted  of  eight  con- 
verters in  two  groups,  with  two  reverberatory  furnaces  for  each  group. 
In  a  group  of  four  converters,  one  is  in  operation,  one  is  being  repaired, 
one  is  cold,  and  the  fourth  is  being  reheated. 

First  Operation. — The  iron  mattes  which  serve  as  a  starting  point  for 
the  operation  are  obtained  by  a  fusion  of  the  copper  ores  in  the  furnaces 
of  the  old  plant.  These  mattes  contain  about  lo-per  cent,  copper. 
They  are  shovelled  into  the  reverberatory  furnaces  ;  each  charge  is  1.6 
tons  and  the  time  of  fusion  about  3  hours.  The  fuel  consumption  is 
about  I  cubic  metre  of  wood  per  ton  of  matte.  When  the  matte  is 
melted  the  converter  is  turned  down  horizontally,  and  the  matte  is  run 
from  the  furnace  to  the  mouth  of  the  converter  through  a  movable 
trough  lined  with  a  mixture  of  charcoal  and  quartz.  When  the  rever- 
beratory is  empty  the  converter  is  turned  up  and  and  the  blast  com- 
menced. 

The  first  operation  eliminates  iron  and  produces  a  rich  white  metal, 
occupying  about  15  minutes.  The  combustion  of  the  iron  and  sulphur 
rapidly  raises  the  temperature  of  the  blow.  The  flame  which  laps  the 
mouth  of  the  converter  is  yellow,  violet  edged,  and  is  crossed  by  brilliant 
sparks.  When  the  flame  diminishes  and  becomes  green  it  is  a  sign 
that  the  iron  is  burnt,  and  when  it  becomes  entirely  green  the  operation 
is  ended  and  the  matte  is  run  into  moulds.  After  cooling  the  slag  is 
separated  from  the  raaite  by  the  blow  of  a  hammer.  The  white  metal 
averages  64  per  cent,  copper, 

Serond  Operation. — The  white  metal  is  remelted  in  a  reverberatory 
furnace  and  is  then  treated  as  in  the  first  operation.  The  second  blow  is 
more  difficult  ihan  the  first.  The  temperature  is  low  owing  to  a  scarcity 
of  sulphur  and  this,  which  is  the  chief  impurity  to  be  eliminated,  is  not 
disengaged  at  a  low  temperature.  At  the  moment  the  metal  threatens 
to  congeal  when  the  projections  appear,  charcoal  is  thrown  into  the 
converter  to  raise  the  temperature.  Two  workmen  remain  constantly 
by  the  converter  clearing  the  tuyere  holes  with  iron  rods.  The  time  of 
the  blow  is  from  i^  to  2  hours.  It  is  considered  finished  when  on 
introducing  a  shovel  in  the  converter  the  projections  which  solidify 
upon  it  as  they  descend  are  no  longer  of  white  metal.  The  flame 
which  was  green  at  the  beginning  is  now  yellowish  red.  The  slag  con- 
taining 5  to  6  per  cent,  copper  flows  out  first  when  the  converter  is 
turned  and  then  the  black  copper.  The  refining  of  this  black  copper 
is  accomplished  by  the  ordinary  reverberatory  process.  In  the  same  con- 
verter there  are  three  or  four  operations  for  white  metal,  then  two  for 
black  copper,  then  two  or  three  again  for  white  metal,  in  order  to  dis- 
solve the  masses  of  copper  which  remain  in  the  converter. 

Details  as  to  cost  of  mining  and  various  methods  of  producing  matte 
and  black  copper  in  sHalt  furnace,  spleissofen  and  converter  arc  also 
given,  .\n  illustrated  plate,  showing  details  of  converter,  accompanies 
this  article. 
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Refining  of  Gold  and  Silver, — (Slate  School  of  Alines  Seientifit 
^wnr/i-r^,  Golden,  Colorado,  December,  1891.)  "The  Fire  Refining 
of  Gold  and  Silver,"  by  R.  P.  Andrews. 

Melting  and  refining  of  gold  and  silver  are  not  necessarily  connected 
wiih  the  asFayer's  profession,  yet  he  should  have  a  knowledge  of  this 
branch  of  skilled  labor. 

Bullion  received  by  mints  for  subsequent  coinage  ronsists  of  mill 
retorts,  placer  gold,  bars  and  old  jewelry.     The  retorts  generally  con- 
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tain  iron,  either  from  the  stamps  or  from  the  pyritous  ores,  as  sulphides, 
with  lead,  antimony  and  arsenic.  Placer  gold  is  often  mixed  with  black 
sand  and  lead ;  the  lead  may  occur  naturally  with  the  gold,  but  much  of 
it  finds  its  way  to  the  sluices  from  the  hillsides,  which  are  continually 
peppered  by  gunners  in  the  hunt  for  small  game.  The  bars  are  de- 
based by  lead,  arsenic  and  antimony,  which  have  not  previouily  been 
removed  by  any  refining  process. 

Fire  refining  is  carried  on  in  fire-clay  or  sand  crucibles,  which  are 
placed  in  plumbago  melting  pots  to  catch  the  meial  in  case  the  crucible 
cracks  or  breaks.  When  the  mell  contains  iron,  as  in  the  case  of  mill 
retorts,  the  surface  becomes  covered  with  a  thick  coating  of  fused  iron 
sulphide,  which  can  be  removed  by  the  tedious  method  of  oxidizing 
with  nitrates  of  snda  and  potash.  Much  lime  will  be  gained  by  pour- 
ing the  fused  metal  into  a  mould,  and,  after  cooling,  separating  the 
slag  from  the  bar.  The  slag  so  obtained  should  be  melted  with  iron 
scrap  CO  recover  any  gold  enclosed  within  it.  The  gold  is  remelted, 
with  the  addition  of  any  gold  recovered  from  the  slag,  and  when  molten, 
nitre  is  thrown  on  the  surface  with  occasional  additions  of  borax  glass 
to  thicken  the  flux.  The  flux  is  removed  by  means  of  a  stirrer  of  plum- 
bago kept  always  at  the  furnace  temperature.  After  the  iron  has  been 
removed  from  the  slag  there  will  probably  remain  lead  and  antimony  to 
be  separated.  This  is  done  by  continued  additions  of  nitre.  But  little 
effect  is  shown  at  first  when  these  metals  are  in  excess.  The  color  of 
the  exrracted  flux  is  the  indication  by  which  the  refining  is  guided. 
Commencing  with  a  whitish  yellow,  the  color  passes  to  light  green  and 
then  to  darker  green  as  the  work  nears  completion.  Finally,  before  the 
entire  removal  of  the  lead,  rainbow  colors  will  rapidly  flow  over  the 
metal  as  in  cupellation.  The  gold  is  aj>t  to  bubble  slightly,  but  as  the 
last  traces  of  lead  disappear  becomes  perfectly  qniet,  of  a  rich  color, 
with  smooth  and  clear  surface.     It  is  now  ready  for  casting. 

Should  the  lead  and  antimony  stubbornly  resist  the  oxidizing  effect 
of  nitre,  a  small  piece  of  bichloride  of  mercury  or  sal  ammoniac  may 
be  added.  The  chloride  penetrates  the  whole  mass  of  the  metal  and 
forms  volatile  chlorides,  which  rapidly  rise  to  the  surface  and  are  vola- 
tilized. This  action  is  different  than  that  of-nitre,  as  the  latter  remains 
on  the  top  surlace  of  the  metal  and  oxidizes  the  lead  and  antimony  as 
they  rise.  Bichloride  of  mercury  is  more  efficient  than  sal  ammoniac, 
but  requires  greater  care  in  handling  it,  on  account  of  its  poisonous 
qualities. 

Some  refiners  add  oxide  of  copper  to  aid  in  the  extraction  of  the 
lead. 

When  arsenic  is  present  in  the  gold  the  same  plan  is  followed  as  with 
lead ;  it  requires  closer  attention  and  more  patience  to  eliminate  it. 

Silver  is  refined  in  the  same  way  as  gold,  but  extreme  care  must  be 
taken  to  keep  the  temjwraiure  of  the  furnace  as  low  as  possible  to  pre- 
vent the  volatilization  of  the  silver.  It  is  not  advisable  to  use  either 
bichloride  of  mercury  or  sal  ammoniac  in  refining  silver. 

In  an  establishment  having  a  large  wind-melting  furnace  connected 
to  the  flue  by  a  wide  thro.it.  cupellation  may  be  economically  and  ad- 
vantageously performed.  Tnis  method  is  almost  a  necessity  in  the  case 
of  very  ba^e  bullion.  The  bottom  of  a  plumbago  melting-pot  well 
tampsd  with  bone-ash  and  hollowed  out  to  receive  the  metals  will  make 
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an  excellent  cupel.  The  cupelktion  requires  no  other  attention  than  to 
keep  ihe  heat  at  such  a  stage  that  the  cupel  will  not  freeze,  and  so  the 
process  can  be  carried  on  at  the  same  time  the  furnace  is  running  on 
other  work.  If  the  metal  becomes  solid  before  the  oxidized  metals  are 
all  absorbed  by  the  cupel  the  completion  of  the  refining  is  carried  out 
in  a  cnicible. 

Nitrate  of  poiaih  is  generally  used  in  refining,  though  it  contains  10 
per  cent,  less  nitric  acid  than  the  corresponding  nitrate  of  soda.  How- 
ever, the  latter  is  generally  impure  and  contains  common  salt  which,  in 
the  refining  process  causes  the  golil  to  spurt  with  consequent  serious  loss. 

If  the  operator  has  only  a  plumbago  melting-pot  for  refining  purposes, 
the  corroding  effect  of  the  nitre  on  the  plumbago  can  be  prevented  by 
making  a  ring  of  bone-ash  which  will  gradually  absorb  oxide  and  become 
well  fixed  to  the  inside  of  the  pot.  This  ring  protects  the  plumbago  by 
keeping  the  nitre  in  the  central  part  of  the  surface  of  the  melt. 

■  Calorimetrv. — {Stevens' s  Indicalor  ^o\  Nov.,  1892).  "Calculation 
of  the  Heat  of  Combustion  of  an  Illuminating  Oil-gas,  and  Comparison 
with  Ihe  Heat  determined  by  Experiment,"  by  Prof.  D.  S.  Jacobus. 

This  paper  gives,  in  general,  the  method  of  ascertaining  experiment- 
ally the  heating  value  tor  the  gas  in  {jti:stion.  The  illuminanis  in  the 
hydrocarbon  gases,  with  the  exception  of  marsh  gas.  cannot  be  .sepa- 
rated from  each  other  without  a  very  elaborate  analysis,  so  an  assump- 
tion is  made  of  two  probable  values;  within  these  limits  the  value  of 
the  gas  lies.  The  experiments  showed  a  value  of  only  i.r  per  cent. 
lielow  that  calculated  theoretically.  The  apparatus  for  aicertaining  the 
amount  of  heal  given  off  consists  of  an  air-tight  box  having  inlet  and 
exit  pipes,  the  top  pipes  being  furnished  with  tamps,  the  lower  pipe 
with  an  anemometer ;  the  lamps  are  run  at  the  required  candle-power, 
and  the  readings  of  [he  various  thermometers  so  arranged  to  get  the 
average  temperature  of  air  in  the  bon,  and  protected  from  radiant  heat 
either  direct  or  reflected,  are  carefully  made,  also  that  of  the  anenmrneter 
in  the  inlet  pipe.  After  running  steadily  for  about  three  hours  the 
lamp  is  taken  out  and  a  steam  radiator  coil  put  in  its  place.  By  regu- 
Liting  the  amount  of  steam  which  flows  into  the  radiator  the  tempera- 
tures and  reading  of  the  anemometer  are  made  the  same  as  for  the  lamp. 
'!'he  amount  of  heat  given  up  by  the  radiator  coil  is  then  the  same  as 
that  given  up  by  the  lamiis,  and  may  bs  determined  from  the  value  of 
the  steam  condensed. 

Blast  HEATtNG. — Advance  sheets  Tram.  Amer.  Inst.  Mtn  En^s., 
Oct.,  1892.  "The  Hugh  Kennedy  Hot-Blast  Stove,"  by  w".  C. 
Coffin. 

Fire-bri(  k  stoves  have  become  a  necessary  part  of  the  modern  coke 
blast-furnace  equipment,  and  are  also  superseding  the  cast-iron  pipe- 
stoves  ill  anthraelle-  and  charcoal  furnaces. 

The  brick  stoves  in  general  use  are  of  either  the  Cowper  or  Whitwell 
type,  or  modifications  of  these  bearing  the  names  of  those  who  invented 
the  alterations  from  the  original  types  rather  than  any  real  departure 
from  them.  All  these  stoves  have  approximately  (he  same  valve-equip- 
meni  and  follow  the  same  line  of  operation.  The  waste  gas  from  the 
furnace  enters  at  one  port  and  burns  in  a  single  combustion -chamber, 
and  Ihe  heated  products  are  drawn  through  the  various  passes  in  the 
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brickwork  to  a  stack  of  proper  height  to  create  the  necessary  draught. 
The  last  passes  of  these  stoves  receive  a  very  small  percentage  of  the 
heat  from  the  gas,  owing  to  their  extreme  distance  from  the  combustion- 
chamber;  and  this  chamber  also  suffers  great  deterioration  in  the  attempt 
to  force  the  heat  into  the  farthest  passes.  At  best,  about  70  per  cent. 
of  the  heat  taken  up  is  held  in  the  combust  ion-chamber  and  the  first 
down-pass  of  the  Whitwell  stoves. 

Mr.  Hugh  Kennedy,  impressed  with  the  fact  Jhat  but  about  30  per 
cent,  of  the  brick  of  the  average  stove  were  doing  proper  duty  as  heat 
agents,  had  three  ao  by  60  feet  stoves  constructed  with  a  view  of  more 
uniformly  heating  all  the  brick.  In  these  the  general  lines  of  (he  Whit- 
well stove  are  followed,  with  the  blast-connections  unaltered,  but  gas  ij 
introduced  at  the  bottom  of  each  pass,  and  outlets  arc  provided  at  the 
top,  so  that  the  gases  have  a  direct  natural  draught  in  each  pass  and  the 
highest  heats  are  obtained  at  the  bottom  instead  of  the  top.  The  natural 
tendency  being  toward  the  reverse  condition,  the  brickwork  soon  ac- 
quires an  almost  uniform  temperature. 

TTie  blast  in  the  Hugh  Kennedy  stove  passes  after  entering  from  the 
cold-blast  uptake,  down  through  the  checker-work  into  the  combustion- 
chamber  of  one  section  of  the  stove,  then  into  the  combustion-chamber 
and  up  through  llie  checker-work  of  the  second  section,  and  down 
through  the  checker-work  to  a  combustion-chamber  of  a  third  section, 
then  out  through  the  hA-blast  valve,  thus  making  a  single  pass  for  gas 
and  allowing  four  jiasses  for  the  air. 

The  Spearman  burners  are  used  exclusively  on  these  stoves,  and  give 
a  perfect  combustion  in  the  small  lower  chambers.  This  stove  can  be 
kept  free  from  dust  and  slag,  these  being  precipitated  on  the  floor  by 
the  sudden  expansion  of  the  gas  in  the  low  chambers. 

PvROMETPY. — Transactions  of  the  American  Institute  of  Mining 
Engineers,  June,  1892.  "The  Wiborgh  Luft  (Air)  Pyrometer,"  by 
Emanuel  Trotz,  Worcester,  Mass, 

The  theory  of  the  instrument  is  b.ised  on  the  co-efficient  of  expansion 
of  air.  The  volume  of  the  vessel  being  made  practically  constant,  the 
expansive  force  is  converted  into  pressure  which  is  registered  by  a 
manometer  and  from  this  the  temjierature  is  calculated,  the  pressure 
being  thus  directly  a  function  of  the  temperature,  dus  correctness  for 
barometric  pressure- expansion,  etc.,  being  considered. 

Description  of  the  Instrument. — The  outer  covering  of  the  instrument 
consists  of  a  round  metal  box  with  a  firm  bottom,  to  which  the  pyro- 
meter-pipe, composed  of  a  globe  and  a  capillary  tube,  is  screwed.  In 
the  box,  close  to  the  bottom,  a  lenticular  metal  vessel  is  fastened  of  such 
form  and  elasticity  that  it  can  be  com|)letely  compressed  and  will  after- 
wards resume  its  former  shape.  On  the  opposite  side  of  this  vessel  is 
fastened  a  metal  plate  with  a  cylindrical  projection,  which  is  likewise 
provided  wiih  a  capillary  tube.  Moreover,  as  the  lenticular  vessel  has 
on  both  sides,  opposite  (he  two  capillary  tubes  corresponding  openings, 
the  two  air-volumes  used  are  connected  with  each  other  and  with  the 
outside  air. 

To  the  bottom  is  screwed  an  iron  bow,  forming  a  support  for  an  axle, 
which  aids  in  compressing  the  vessel.  For  this  purpose  the  said  axle  is 
provided  with  a  short  lever,  operating  a  small  rod,  which  latter,  at  the 
turning  of  the  axle,  descends,  and,  first  closing  (he  capillary  opening, 
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then  presses  down  the  projection,  together  with  the  plate,  whereby  the 
lenticular  vessel  can  be  compressed  that  alt  the  air  formerly  contained 
in  it  will  be  forced  into  the  globe. 

For  measuring  the  cotisequent  rise  of  prewure  the  capillary  tube  is 
connected  by  a  fine  leaden  pipe  with  a  manometer  spring,  which  in  the 
usual  way,  by  means  of  gearing,  communicates  to  the  hand  the  motion 
produced  by  the  increased  pressure  In  the  spring.  The  leaden  pipe 
must,  of  course,  be  bent  and  sufficiently  long,  so  that  its  inner  end  can 
follow  along  with  the  projection  when  the  vessel  is  compressed. 

In  addition  to  the  temperature  scale  on  the  dial  plate,  there  is  a  small 
scale  for  correcting  barometric  pressure,  also  a  small  thermometer  for 
ascertaining  the  temperature  of  the  atmospheric  air  used  in  the  test  and 
as  a  small  aneroid  barometer. 

Now,  if  the  instrument  be  properly  adjusted  with  reference  10  these 
scales,  all  that  is  necessary  at  an  observation  is  simply  to  find  on  the 
scale  of  the  movable  metal  ring  the  figure  corresponding  to  the  tempera- 
ture given  by  the  thermometer,  and  turn  the  ring  until  this  figure  coin- 
cides with  the  figure  in  the  small  scale  farthest  down  on  the  dial  plate, 
representing  the  pressure  as  shown  by  barometer. 

The  hand  which  receives  its  motion  through  increased  pressure  in  the 
manometer-spring,  indicates  the  temperature  on  the  large  scale  (gradu- 
ated from  0°  to  2400°)  of  the  dial  plate. 

To  lessen  the  fragility  of  the  porcelain  ptf*  used  as  a  part  of  the 
pyrometer,  and  to  get  it  to  stand  immediate  contact  with  very  high 
temperatures  without  breaking,  it  is  wound  with  asbestos  wicking.  The 
graduation  of  the  instrument  is  made  in  accordance  with  the  theory 
given  above,  and  with  an  appropriate  correction  for  capillary  relations, 
determined  by  a  new  and  theoretically  accurate  principle. 

Claims  are  made  for  practical  accuracy  up  to  1400°  F. 

Blast-Furnace  Practice. — Advance  sheets  of  the  Transactions  of 
the  American  Jnstiiuic  of  Mining  Engineers,  October,  1892.) — David 
Baker  gives  an  illustrated  article  on  "The  Application  of  the  Rock 
Drill  for  Opening  the  Tap-Hole  of  Blast-Furnaces," 

In  speaking  of  labor-saving  devices  in  immediate  connection  with 
the  operation  in  the  blast-furnace,  but  little  has  been  done  apart  from 
hoisting  and  blowing.  The  charging,  tajjping,  casting  and  handling 
of  the  pig-iron  in  the  beds  are  still  performed  chiefly  by  manual  labor. 
At  almost  all  furnaces  filling  is  done  with  the  hand-barrow  of  twenty- 
five  years  ago,  and  it  is  only  recently  that  here  and  there  chills  have 
been  employed  in  Che  cast  house,  instead  of  the  usual  sand-beds,  to 
lessen  the  labor  of  handling  the  pig  as  well  as  to  secure  its  greater  purity. 

The  manual  labor  of  opening  and  closing  the  tapping-hole  has  been 
rather  increased  than  diminished  by  the  enlarged  hearths,  and  greater 
capacity  of  the  modern  furnaces  renders  it  more  difficult  to  keep  the 
tap-hole  back.  In  the  old-fashioned  smaller  furnaces  the  slacking  of 
the  blast-pressure,  and  the  introduction  of  a  single  bed  of  clay,  involv- 
ing an  average  stoppage  of  not  more  than  three  minutes,  sufficed  for 
plugging  the  hole,  and  opening  it  was  comparatively  easy.  Ordinary 
brick  clay  was  found  sufficiently  refractory.  At  present  fire-clay  mixed 
with  graphite  is  sometimes  used,  or  material  of  old  black-lead  crucibles 
is  rammed  in  with  balls  of  clay,  and,  instead  of  one  ball,  a  wheelbarrow 
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load  is  often  required.  To  make  a  large  hearth  safe  against  "  break- 
outs "  the  clay  stopping  should  be  "  kept  back  "  three  (eet  from  the 
outside  of  the  tap-hole.  To  open  at  casting  time  one  of  these  deeply 
and  thoroughly  stopped  iron  notches  requires  the  labor  of  eight  to  ten 
men  drilling  with  a  heavy  bar  from  ten  to  thirty  minutes,  according  to 
,  the  condition  of  the  furnace,  and  the  work  is  very  exhausting.  At  the 
Maryland  Steel  Company's  furnaces  the  system  of  employing  a  percus- 
sion rock  drill  as  tap-hole  oi)ener  has  done  away  with  the  bard  work  of 
so  many  men.  The  drill  employed  was  the  Little  Giant  No  4  of  the 
Rand  Drill  Co.,  mounted  on  a  regular  swivel  base,  clamped  to  a  hori- 
zontal bar,  which  was  swung  from  a  column  as  a  crane.  Difficulties 
were  at  first  encountered  by  having  too  short  a  feed  and  too  long  a 
time  for  the  removal  of  the  bit  after  the  hole  had  been  drilled.  These 
were  finally  adjusted,  and  the  present  work  is  satisfactory.  The  advan- 
tages of  the  power  drill  over  the  old  hand  drill  are : 

1.  Quicker  and  cuts  a  belter  hole ;  that  is,  more  near  a  true  circle. 
It  is  found  that  this  tends  to  make  the  tapping-hole  stand  longer  against 
cutting  out  by  the  hot  iron  and  cinders. 

2.  The  percussion  drill  itself  is  useful  for  other  furnace  purposes, 
such  as  drilling  salamanders,  etc. 

3.  The  important  saving  in  labor  before  the  furnace. 

Pig-Iron.  Production  in  1892. — American  Manufacturer,  January 
37,  1892,  quotes  from  report  of  the  American  Iron  and  Steel  Associa- 
tion as  follows : 

"Total  production  of  pig-iron  in  1892  was  '9,157,000  gross  tons, 
against  8,279,870  ions  in  1891  and  9,202,703  tons  in  1890. 

"  The  production  of  spiegeldsen  and  ferro-manganese  in  1892  was 
the  largest  yet  recorded,  reaching  179,131  gross  tons,  against  127,766 
tons  in  1891  and  133,180  tons  in  1890." 

Production  in  iSgz,  According  to  the  Fuel  Used. 


Bl«t 

Fumaco.  D«.  3 

,1891. 

In  Blui. 

Out  of  Bl«l. 

Tot.1. 

CroHTon^ 

Anthracite... 

Charcoal 

Bituminous .. 

72 
43 
141 

87 
94 
130 

'59 
'34 
271 

1,797,113 

S37.fii' 

6,812,266 

Tola] 

.56 

3.. 

564 

9.157,000 

Iron  Alloys.  Observations  on  Ferro-tungsten, — {Journal Frank- 
lin Imtitute,  Dec,  1892). 

Wm.  H.  Wahl,  in  the  course  of  an  investigation  on  ferro  alloys,  ar- 
rived at  the  conclusion  that  the  saturation  point  of  iron  for  tungsten  is 
represented  by  the  ratio  exhibited  in  the  compound  Fe,W,  and  that  any 
excess  of  tungsten  above  this  ratio  present  in  a  tungsten  iron,  will  re- 
main uncombined. 
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The  Mining  Laws  op  the  Republic  ok  Colombia,  wiih  a  short  ex planat ion  i>f 
their  appUcalinn,  and  official  forms  for  nolice<:,  denounce  men  Is  and  applications 
for  title.  Translated  and  edited  b)r  Charles  Bullman,  M.E.  New  Yorki  The 
Scienlitic  Publishing  Company.     1S9Z.     Pp.  107.     rricc,  yi.50. 

In  this  work  a  task  has  been  performed  which  cannot  fail  to  meet  with 
appreciaiion,  not  only  amongst  those  in  this  country  who  are  interested 
in  mining  in  Colombia  but  also  in  Colombia  itself. 

Since  the  passage  of  the  last  mining  code  of  the  State  of  Antioquia, 
in  1867 — a  code  which  was  afterward  adopted  by  the  Colombian  Na- 
tional Government — a  large  number  of  new  laws  and  amendments  have 
been  formed. 

As  stated  by  the  translator  in  his  introduction,  these  additional  enact- 
ments have  been  published  from  time  to  time  in  the  ofticial  gazette  at 
Bogoti  and  in  the  various  government  publications,  but  hitherto  no 
attempt  has  been  made  to  classify  and  incorporate  them  with  the  origi- 
nal code. 

As  a  result,  aome  confusion  in  the  tjnderstanding  and  application  of 
the  law  has  been  inevitable,  especially  in  taking  up  new  claims  in  the 
older  mining  districts.  I ti  order  to  conform  with  the  later  provisions 
of  the  law,  persons  desiring  to  locate  tiew  claims  found  it  necessary  to 
consult  files  of  the  official  papers— often  obtained  with  difficulty  in 
remote  districts  of  a  country  like  Colombia,  where  communication  is 
often  slow  and  uncertain.  The  writer  of  this  notice  has  seen  in  Co- 
lombia a  scrap-book  made  up  of  newspaper  clippings  containing  the 
successive  additions  and  amendments,  and  used  as  an  appendix  to  the 
code. 

The  Colombians  are  desirous  of  attracting  foreigners  to  their  country, 
and  the  mining  laws  are  liberal,  and,  as  a  rule,  well  framed.  The  code 
is  based  upon  the  old  Spanish  mining  laws,  which  were  in  force  more 
than  3C0  year?  ago. 

Originally,  the  boundary  lines  of  a  claim  were  calculated,  as  usirat, 
to  the  horizontal,  independently  of  the  surface  configuration  ;  it  will 
be  noted,  as  a  peculiarity  of  the  newer  law  (Art.  xxv,,  p.  11)  that 
"  measurements  of  the  claim  or  claims  shall  be  made  on  ihe  surface,  and 
not  on  a  horizontal  plane."  As  a  matter  of  fact,  this  was  done  because 
of  the  numerous  blunders  made  by  the  deputy  officials  charged  with 
laying  out  the  claims.  A  hand  compass  and  chain  are  now  the  only 
instruments  required  in  fixing  the  boundaries  of  a  claim,  though  this 
rough  survey  may  be  followed,  of  course,  by  a  more  accurate  one. 

The  general  instructions  for  the  taking  up  of  mineral  property  (pages 
87-95)  ^''^  specially  valuable  to  foreign  miners  in  Colombia  and  to 
engineers  and  others  intending  to  embark  in  mining  enterprises.  The 
book  is  an  octavo  of  107  pages,  is  well  printed,  and  deserves  hearty 
commendation  as  being  not  only  the  first  translation  but  also  the  first 
orderly  collection  of  the  Colombian  mining  laws,  R.  P.,  Jr. 

The  Min-ALLURGv  of  Lead  ano  the  Desilverization  o 
O.  Hofman,  E.M.,  Ph  D.     Svo.,  414  pp.     Clolh,  (6.00 
ing  Co.,  17  Park  Place,  New  York,     1891, 
The  work  is  divided  Into  three  parts,  the  first  reviewing  the  history  of 
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lead  with  statistics  of  its  production;  the  properties  of  lead  and  its 
compcitinds  of  metallurgical  importance  closing  with  the  methods  used 
in  sampling,  as.'^ying  and  purchasing  of  ores. 

The  second  part  is  devoted  to  the  metallurgical  treatment  of  lead 
ores  and  comprises  nearly  one-half  the  entire  work.  The  methods  are 
described  under  the  three  heads: — Reverlierating,  ore-hearth  and  shaft 
furnace  treatment.  The  treatment  in  the  shaft  furnace  is  given  great 
prominence,  occupying  162  of  the  217  pages  of  this  second  part. 

The  third  part  embraces  the  desilverization  of  base  bullion,  and  is  dis- 
cussed mder  the  heads  of  Patiinson's ;  Luce  Rosan's ;  Parke's  zinc  de- 
silverization, and  English  and  German  cupellation.  The  main  stress  is 
laid  on  Parke's  process  of  zinc  desilverization  and  the  process  of  Eng- 
lish c'lpetlation  with  its  American  mod ili cations.  The  other  processes 
are  described  more  briefly. 

In  the  arrangement  of  this  work  the  author  has  kept  in  mind  three 
classes  of  readers, — the  student,  for  whose  use  the  ground  principles 
and  many  definitions  are  given  a  prominent  place  ;  the  metallurgist, 
who  needs  minute  details  for  his  practical  oi>erations  ;  and  the  investi- 
gator, who  will  find  in  the  foot-notes  the  principle  references  for  the 
subject  in  its  various  branches. 

The  work  is  commendable  if  for  no  other  reason  than  the  collection 
and  arrangement  of  the  numerous  papers  on  American  metallurgy  which 
have  appeared  from  time  to  time  in  the  publications  of  the  various  sci- 
entific societies  and  in  the  scienti5c  papers.  This  arrangement  is  sup- 
plemented to  a  great  extent  by  direct  comparisons  with  foreign  prac- 
tice, and  as  such  will  prove  of  value  to  those  interested  in  the  subject. 
The  abundant  foot-note  references  greatly  enhance  its  worth.  It  is  to 
be  regretted  that  drawings  of  such  modern  practice  a.s  tank  water-cooled 
reverberatory  furnaces  for  lead  softening  and  Bessemer  converters  for 
refining  base  bullion  are  omitted  fr6m  the  work. 

It  is  well  illustrated  by  275  cuts,  and  the  typography  and  quality  of 
illustrations  are  good.  The  concise  index  at  the  end  of  the  book  ren. 
ders  the  contents  easy  of  access. 

Detailed  Deseriptian  of  Contents  : — Part  I.  Introductory. — Chapier 
I,— Historical  and  statistical  notice.  Chapter  II. — Properties  of  lead, 
and  some  of  its  compounds.  Chapter  III. — Lead  ores,  Chapier  IV, 
—Distribution  of  lead  ore.  Chapter  V, — Receiving,  sampling,  assay- 
ing and  purchasing  of  ores,  fluxes  and  fuels. 

Part  II. — Metallurgical  treatment  of  lead  ores. — Chapter  VI. — Smelt- 
ing in  the  reverberatory  furnace,  Chapier  VII, — Smelting  In  the  ore- 
hearth.     Chapter  VIH. — Smelting  in  the  blast-furnace. 

Part  III. — Desilverization  of  base  bullion.  Chapter  IX. — Pattin- 
son's  process.  Chapter  X. — Parke's  process.  Chapter  XI. — Cupellation 
process.  J-  S. 

Elembnts  ok  Grapihc  Statics.  By  L.  M.  Ho'kins,  of  I.elnnd  Stanford  Universily. 
MncMillan  &  Co.     igi  page»,  5  Iwo-page  pbles.at  end  of  book.     ^2,25. 

Part  I, — General  Theory. — Chapter  I. — Concurrent  Forces.  Chapter 
II.— Non-concurrent  Forces.  Chapter  III. — Internal  Forces  and 
Stresses. 

Part  ir. — Stres.ses  in  Simple  Structures, — Chapter  IV. — Introductory. 
Chapter  V. — Roof  Trusses ;  Framed  Structures  Sustaining   Stationary 
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Loads,     Chapter  VI. — Simple  Beams.     Chapter  VII. — Trusses  Sustain- 
ing Moving  Loads. 

Part  IIL— Centroids  and  Moments  of  Inertia.  Chapter  VIII. — Cen- 
troids.     Chapter   IX. — Moments  of  Inertia.     Chapter  X. — Curves  of 

A  glance  over  the  above  list  of  chapters  will  give  to  one  familiar  with 
the  subject  an  idea  of  the  line  of  treatment,  but,  perhaps,  only  one  ex- 
perienced in  teaching  statics  will  realize  a  feature  distinguishing  this 
book  fro""  the  great  majority  of  those  written  on  the  subject  of  graphic 
statics.  The  author  has  not  aimed  to  give  a  mere  process  for  determin- 
ing stresses.  His  endeavor  has  been  to  give  the  student  a  broad  grasp 
of  the  graphic  process  as  a  branch  of  mathematical  science,  and  make 
him  look  upon  the  calculation  of  stres.ses  merely  as  one  of  its  applica- 
tions. 

In  this  particular,  simple  in  its  statement,  but  meaning  much  in  its 
ramification,  most  books  on  statics  are  at  fault,  because  they  do  not 
clearly  present  this  view. 

Another  feature  which  the  writer  has  never  seen  presented  in  a  text- 
book as  distinctly  as  in  the  one  considered,  is  the  distinction  between 
external  forces  and  internal  stresses,  the  one  the  cause,  the  other  the  ef- 
fect;  the  one  set  being  known,  the  other  set  to  be  determined.  Ele- 
mentary as  this  may  be,  yet  it  will  be  found  that  the  novice  oflen 
works  aimlessly  from  lack  of  appreciation  of  it. 

In  Part  I.  the  polygon  of  forces  is  elaborated  directly  from  the  par- 
allelogram of  forces,  and  for  the  proof  of  the  latter  the  inquirer  is  dis- 
creetly referred  to  his  mechanics.  The  equilibrium,  or  funicular  polygon, 
is  presented  and  used  in  connection  with  non-concurrent  forces,  and 
that  all-important  principle  in  graphic  statics  by  means  of  which'  mo- 
ments are  graphically  determined  is  set  forth. 

This  is  so  vital  to  a  broad  application  of  graphic  statics  that  its  deduc- 
tion was  little  less  than  a  great  discovery,  and  it  should  not  be  forgotten 
that  the  scientific  world  is  indebted  for  it  to  Professor  Culmaiin. 

Chapter  III.  of  Part  I.,  is  devoted  to  "  Interna!  Forces  and  Stresses," 
a  title  covering  the  relation  of  internal  stresses  to  external  forces,  and 
the  conditions  assumed  in  the  application  of  graphic  statics  to  framed 
structures. 

The  opinion  of  it  can  be  summarized  in  these  words :  Well-presented, 
elementary,  and  for  that  reason,  perhaps,  often  omitted  by  writers,  but 
most  important  to  the  student  if  he  is  to  have  a  clear  idea  of  the  signifi- 
cance of  the  subject  studied. 

The  treatment  of  stationary  loads  on  roofs,  is,  in  connection  with  the 
plates  at  the  end  of  the  book,  quite  satisfactory.  All  the  essential  types 
of  truss  are  given,  although  some  hypercritical  person  may  find  excep- 
tions. 

In  discussing  the  failing  cases  of  the  method  Professor  Hoskins  resorts 
to  the  equilibrium  polygon.  It  would  have  been  well  to  also  give  short 
methods  of  meeting  the  difficulty,  based  upon  analysis  of  the  distribu- 
tion of  stress  throughout  a  frame. 

There  is  one  feature  in  which,  if  the  writer  is  not  mistaken,  the  pres- 
ent book  and  all  others  are  inadequate  in  their  treatment  of  roof  trusses. 
Careful  attention  is  given  to  wind  stresses  in  the  roof,  and  no  thoijght 
whatever  to  the  building  on  which  it  rests.     Many  a  roof  has  been  care- 
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fully  designed  for  a  wind  pressure  that  would,  if  oiire  exerted,  speedily 
make  a  scrap  heap  of  the  building  iiself.  In  many  structures  the  roof  is 
a  most  important  feature  for  the  stability  of  the  whole,  and  in  treating 
wind  stresses  it  cannot  be  entirely  separated  from  the  lower  part  of  the 
structure. 

Beams  and  plate  girders  are  discussed  in  Chapter  VI.,  and,  of  course, 
shear  and  bending  moment.  The  usual  diagrams  are  given,  and  toward 
the  close  of  the  chapter  the  important  analytical  discussion  of  position 
of  distributed  load  for  maximum  shear  and  bending  moment  in  a  sec- 
tion. 

Chapter  VII.  gives  what  is  usually  stated  under  the  heading  of  bridge 
tnisses.  The  relation  of  stresses  and  the  moviug  loads  causing  them  is 
fully  stated,  and  the  graphical  processes  for  ascertaining  the  stresses 
both  for  uniform  rolling  loads,  and  for  concentrated  engine  loads,  such 
as  stated  in  modern  bridge  specifications.  In  the  latter  case  the  treat- 
ment is  to  use  the  analytical  process  to  determine  the  proper  engine  ad- 
vance f6r  maximum  stress,  and  then  find  the  corresponding  shear  and 
bending  moment  by  the  graphical  method. 

Part  III.  is  a  distinct  jrortion  of  the  book.  The  word  centroid  need 
not  alarm  the  student,  for  it  is  merely  a  more  general  term  for  centre  of 
gravity. 

The  determining  of  the  latter  is  the  chief  purpose  of  the  first  part  of 
this  section.  The  remainder  of  the  book,  some  thirty  pages,  is  devoted 
to  graphical  representations  of  moment  of  inertia  and  its  determina- 
tion, AH  of  which  is  useful  but  not  so  necessary  to  the  student  as  the 
preceding  pages.  J.  L.  G. 

Retaining.Walls  anu  Masonky.  Daws.     By  Mansfield  Nterriman.    John  Wiley  & 
Son.     122  pages. 

Professor  Merriman  is  noted  for  his  skill  in  presenting  a  clear,  concise 
statement  of  the  principles  of  a  mathematical  subject.  This,  his  latest 
work,  is  on  a  subject  which,  can  be  approached  from  an  ultra  mathemati- 
cal standpoint,  or  from  one  entirely  experimental  and  practical.  The 
intricacy  of  the  conditions  involved,  in  design  of  retaining  walls  leads 
some  engineers  to  depend  entirely  upon  a  formula,  and  others  to  dis- 
card theoretical  treatment  absolutely  and  use  some  simple  rule  of  ex- 
perience. 

There  is  no  general  agreement  upon  a  well-defined  process  of  design, 
nor  indeed,  can  there  be,  until. science  enables  us  to  analyze  with  great 
minuteness  the  interplay  of  cohesion  and  friction  with  all  the  modiiying 
erfects  of  vibration,,  raoistune,  temperature,  frost,  etc.,  upon  earth,  sand 
and  other  materials  in  mass.* 

Under  these  circumstances  it  is  not  to  be  expected  that  Professor 
Merriman,  or  any  other  writer,  will  differ  materially  from  predecessors 
in  their  methods  of  treatment  of  the  subjects. 

With  the  exception  [jossibly  of  the  first  chapter,  which  treats  of  slopes  of 
excavation  and  embankment  as  affected  by  cohesion  as  well  as  friction,  a 
topic  not  so  generally  discussed  in  writings  on  engineering,  the  strong- 
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est  claim  of  the  book  is  its  systematic,  concrete  arrangement  of  many 
most  important  facts;  an  arrangement  which  makes  it  of  value  to  prac- 
titioner and  student  alike.  The  former,  however,  would  probably  like 
to  find  more  reference  to  actual  failures  and  successes,  such  as  were 
given  several  years  ago  by  Mr.  Baker,  of  Forth  bridge  fame,  in  his 
valuable  paper  on  retaining-wall  practice. 

In  Chapter  II.  is  discussed  the  point  of  great  significance  in  retaining- 
wall  discussion  ;  that  which  gives  to  It  its  peculiarly  uncertain  nature. 
What  shall  be  taken  for  the  angle  of  inclination,  the  amount,  and  the 
point  of  application  of  the  lateral  pressure  against  the  walls?  Profes- 
sor Merriman  inclines  to  considering  the  pressure  normal  to  the  wall. 
but  he  treats  with  respect  the  theory  which  Rankine  develops  by  the 
discussion  of  conjugate  pressures  and  their  laws,  to  the  effect  that  the 
pressure  is  parallel  to  the  upper  surface  of  the  earth. 

All  tastes  are  suited,  however,  by  the  presentment  of  an  analytical  dis- 
cussion leading  up  to  a  general  formula  in  which,  by  inserting  a  proper 
angle,  one  can  select  an  inclination  of  the  lateral  pre^isure  to  please  him- 
self. It  may  be  suggested  in  this  connection  thai  neither  these  nor  any 
other  formulas  take  account,  as  indeed  they  can  not  be  expected  to,  of 
what  seems  to  be  an  entirely  reasonible  question.  Can  it  be  positively 
denied  that  the  lateral  pressure  changes  its  inclination  at  different 
depths,  even  in  a  homogeneous  earth,  owing  to  resultant  effects  of  su- 
perimposed weight,  cohesion,  com]>ressibilily,  etc.  ? 

Having  determined  on  the  lateral  pressure,  one  finds  in  Chapter 
III.  a  discussion  of  the  laws  of  stability,  under  the  well-established  heads, 
rotation,  sliding,  and  maximum  compression  on  the  masonry.  The  first 
two  are  treated  both  graphically  and  by  ecjuations,  and  in  the  latter  the 
"  middle  third  "  receives  its  deserved  attention. 

Chapter  IV.,  in  twenty-five  pages,  gives  the  process  of  designing 
retaining  walls  and  a  discussion  of  relative  economy  of  different  forms 
of  section. 

Tht  transition  is  a  natural  one  from  the  complex  subject  of  retaining 
walls  to  the  allied  but  more  definite  one  of  masonry  dams,  treated  in 
the  last  chapter.  The  conditions  of  stability  are  fully  presented  and 
also  the  methods  of  applying  them  to  determine  the  dimensions  of 
low  d^ms.  The  high  dam  of  economical  section,  with  its  familiar  curves,, 
is  portrayed,  and  an  algebraical  process  deduced  for  determining  its 
proportions.  The  essential  feature  of  this  is,  beginning  at  the  top  to 
design  a  series  of  trapezoidal  sections  in  succession  10  the  base,  the  base 
of  one  being  the  top  of  the  one  below,  and  the  total  to  any  depth  being 
stable  for  the  water  pressure  above  that  depth.  Professor  Merriman 
stales  that  he  selected  this  treatment,  essentially  like  Wegmann's,  from 
among  others,  as  being  simplest. 

It  is  to  be  regretted  that  he  did  not  also  give  Bonano's  interesting 
application  of  the  graphical  process,  which  Wegmann  applied  to  the 
Quaker  Bridge  dam. 

A  statement  of  the  theoretical  dimensions  for  this  most  important 
-  design,  as  determined  by  the  engineers  of  the  New  York  Aqueduct 
Commission,  is  given  in  the  closing  pages  of  the  book. 

J.  L.  G. 
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BULLETIN  OF  ALUMNI  AND  COLLEGE  NEWS. 


The  Annual  Meeting  of  the  Alumni  Association  was  held  at  No.  \z 
West  Thirty-First  Street,  in  the  Hall  of  the  American  Society  of  Me- 
chanical Engineers,  on  Thursday  evening,  January  12,  1893.  In  the 
absence  of  the  President,  the  chair  was  taken  by  Mr.  Jno.  A.  Church, 
The  s|)ecial  committee  on  a  memorial  fund  to  create  a  Trowbridge  Fel- 
lowship in  the  School  of  Mines  for  research  in  engineering  reported, 
through  Prof.  Monroe,  the  chairman,  that  nearly  J3000  had  been  sub- 
scribed from  less  than  a  hundred  members,  and  that  the  committee  had 
good  hope  of  success  in  their  undertaking. 

The  tellers  reported  the  election  of  the  officers  nominated,  so  that 
the  officers  of  the  Association  for  1893  are: 

President. — Wm.  Barclay  Parsons. 

Vice- P resilient. -'^Xvi'jw  Walter. 

Treasurer. — Alfred  J.  Moses, 

Secretary. — F.  R,  Hutton, 

Managers  (terms  expire  1893). — S,  W,  Andrews,  '90  ;  I,  B,  Johnson, 
'79 ;  W.  P.  Butler,  '78  ;  Jno,  A.  Church,  '67. 

(Terms  expire  1894.)— Edwin  P.  Clark,  '80;  D.  LeR.  Dresser,  '89; 
Edward  G.  Love,  '76;  Wm.  Allen  Smith,  '68. 

The  treasurer  reported  a  favorable  condition  of  the  finances,  showing 
a  cash  balance  of  ^386.28  and  a  reserve  fund  in  savings  banks  ot  1704.09. 
The  Chairman  ol  the  Quarterly  Board  reported  the  purchase,  upon 
terms  favorable  to  the  association,  of  the  shares  in  that  enterprise  held 
by  the  student  societies  of  the  school,  and  this  action  was  approved  and 
confirmed  by  the  association.  Messrs,  Moses,  Waller,  Greenleaf,  Peele, 
Kemp  and  Strmhers  were  appointed  as  editors  for  the  ensuing  year, 

A  proposition  was  made  that  a  dinner  be  given  to  the  president  of 
the  college  by  the  university  or  graduate  schools,  and  a  committee 
of  three  was  appointed  to  confer  with  similar  committees  of  the  other 
schools  in  this  inatier  with  power.  The  meeting  then  adjourned  to  a 
collation  in  the  banquet-room  of  the  hall. 

Prof,  Kemp  was  appointed  a  committee  to  draft  resolutions  relative 
to  the  death  of  Prof.  Newberry,  and  he  submitted  the  following; 

"The  members  of  the  Association  of  the  Alumni  of  the* School  of 
Mines,  Columbia  College,  have  learned  with  profound  sorrow  of  the 
deaih  of  Professor  J.  S.  Newberry,  who  for  more  than  twenty-five  years 
has  occupied  the  chair  of  Geology  and  Pabeoniology. 

"  Dr.  Newberry  came  to  the  School  of  Mines  in  1866,  and  was  the 
eighth  appointment  on  its  faculty.  He  brought  with  him  a  preparation 
for  his  work  that  was  as  thorough  as  it  was  far-reaching.  His  youth  had 
been  passed  in  the  coal  regions  of  Ohio,  in  the  atmosphere  of  mining. 
Alter  graduation  from  college  and  medical  school,  European  study  _ 
and  travel  had  claimed  him  for  two  years.  The  practice  of  niedicine 
occupied  him  on  his  return,  but  before  long  he  was  drawn  away  by  love 
of  scientific  work,  and  was  appointed  surgeon  and  naturalist  in,  the 
service  of  the  national  government,  and  was  attached  to  exploring  ex- 
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peditions  in  the  West,  During  the  Civil  War  he  was  secretary  of  the 
Sanitary  Commission,  and  was  in  charge  of  its  operations  in  the  valley 
of  the  Mississippi.  He  had  also  tilled  the  chair  of  geology  in  the  Col- 
umbian University  of  Washington  during  his  winters  at  the  Capital, 
All  this  varied  experience — scientific,  executive,  professional,  was  at 
once  utilized  in  building  up  the  School  of  Mines,  and  with  the  world- 
wide reputation  that  had  already  come  as  the  reward  of  investigation 
and  writing,  helped  to  make  Dr.  Newberry  one  of  the  strongest  con- 
tiibutors  to  the  success  of  the  instiiution. 

■'As  a  man  of  science  he  was  distinguished  for  his  broad  and  keen 
insight  and  his  ability  to  draw  wide-reaching  conclusions  from  the  data 
in  hand.  His  judgment  on  obscure  and  disputed  points  was  conserva- 
tive and  temperate,  while  his  accuracy  of  observation  was  remarkable. 

"  But  it  is  as  teacher  and  friend  that  old  students  at  the  School  of 
Mines  love  best  to  think  of  him,  for  to  them  he  ever  manifested  the 
kindliest  interest  and  warmest  friendship.  Whether  in  the  relations  of 
the  class-room  or  of  later  life,  he  was  universally  regarded  by  them  with 
affection  and  respect.  The  members  of  the  Alumni  Association  in  ex- 
pressing their  own  profound  sorrow,  can  thus  most  appropriately 
convey  to  those  who  stood  most  closely  related  to  him,  the  sympathy 
which  they  feel  at  his  loss." 

Rtsohed,  That  this  memorial  bespread  in  full  upon  the  records  of' 
the  association. 

Resoh'fd,  That  the  secretary  of  the  association  be  requested  to  trans- 
mit a  copy  of  this  action  to  the  family  of  Professor  Newberry. 

Alliai^ce  with  the  Teachers'  College. 

After  July  ist,  1893,  all  instruction  in  the  Teachers'  College  in  courses 
leading  to  a  degree  is  to  be  under  the  control  of  the  Faculty  of  Philoso- 
phy of  Columbia  College,  and  the  president  and  certain  professors  of  the 
Teachprs'  College  will  be  entitled  to  seats  in  this  faculty  during  the 
consideration  of  questions  relating  to  the  Teachers'  College. 

The  courses  of  instruction  given  in  Columbia  and  the  'I'eachers'  Col- 
lege and  the  libraries  are  to  be  open  to  maJe  students  in  both  colleges 
under  suitable  regulations. 

It  is  Slated  that  land  near  the  new  site  has  been  secured  by  the 
Teachers'  College  for  new  buildings. 

A  similar  alliance  between  Barnard  College  and  the  Teachers'  Col- 
lege is  in  contemplation. 

Engineerinc  Department. 

The  committee  on  the  reorganisation  of  this  department,  appointed 
by  the  faculty,  have  completed  their  labors  and  the  Board  of  Trustees 
has  confirmed  their  recommendations.  The  old  unit  department  has 
been  divided  into  its  several  specialties  as  the  growth  and  requirements 
of  the  profession  have  made  ex[jedient,  and  the  three  separate  depart- 
ments of  Civil,  Mechanical  and  Electrical  Engineering  have  been 
created  from  it.  To  the  chair  of  Civil  Engineering  Prof.  Wm.  H. 
Burr  has  been  appointed;  and  Profs.  Hutton  and  Crocker  have  been 
put  at  the  head  of  their  respective  departments. 
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Prof.  William  H.  Burr  graduated  from  the  Ren^elaer  Polytechnic 
Institute  in  1872,  and  was  then  for  three  years  engaged  with  a  bridge 
company  in  New  York,  and  on  the  water  supply  and  sewerage  system 
of  Newark,  N.  J.  He  then  became  a  member  of  the  faculty  of  the 
Rensselaer  Polytechnic  Institute  as  assistant  professor  and  Professor  of 
Rational  and  Technical  Mechanics  for  nine  years  and  during  that  per- 
iod published  his  well-known  book  on  "The  Stresses  in  Bridge  and 
Roof  Trusses,  Arch  Ril>s  and  Suspension  Bridges,"  and  "The  Elasticity 
and  Resistance  of  the  Materials  of  Engineering."  He  also  acted  during 
this  period  as  consulting  engineer  to  the  Delaware  and  Hudson  Canal 
Company,  the  water-works  and  sewerage  systems  of  Lansingburg,  N. 
Y.,  etc.  In  1884,  when  the  formation  of  the  Union  Bridge  Company 
caused  the  organization  of  the  Phoenix  Bridge  Company,  he  accepted 
the  position  of  Engineer  of  Construction  of  the  latter,  and  subse- 
quently became  general  manager.  It  was  under  his  supervision  that  the 
large  bridge  structures  of  that  company  (among  them  the  Chesapeake 
and  Ohio  bridge  at  Cincinnati,  the  Red  Rock  cantilever,  the  Pecos 
viaduct,  etc.),  were  designed  and  executed.  In  April,  1891,  he  became 
Vice-President  of  Sooysmith  &  Co.,  consulting  and  constructing  en- 
gineers'for  bridges,  bridge  foundations  and  pneumatic  subaqueous  work, 
,  tunnels,  etc.  He  has  also  been  associated  with  Mr.  Alfred  P.  Boiler, 
consulting  engineer  of  New  York  City,  on  the  large  bridge  now  being 
built  by  that  city  across  the  Harlem  River,  In  i8gi  he  became  Profes- 
sor of  Civil  Engineering  at  the  Lawrence  Scientific  School,  and  leaves 
there  at  the  end  of  the  summer  term  to  come  to  the  School  of  Mines; 
He  will  have  charge  of  the'Summer  School  in  Surveying  for  1893. 

Prof.  R.  S,  Woodward,  of  the  U.  S.  Coast  and  Geodetic  Survey,  has 
been  called  to  the  Chair  of  Mechanics,  made  vacant  by  the  death  of 
Prof.  Pfck.     Both  profes.sors  begin  work  at  ihe  college  in  the  fall. 

In  the  redistribution  of  subjects  and  instruction,  to  Prof.  Hutton  has 
been  assigned  the  preliminary  drawing  work  of  the  first  and  second 
year,  which  attaches  Messrs.  Mayer  and  Woolson  to  this  department, 
and  the  third  and  fourth  class  work  which  belonged  in  the  old  organi- 
zation to  the  mechanical  side,  including  railway  machinery.  To  civil 
engineering  has  been  assigned  the  work  of  foundations  and  masonry, 
bridges,  and  braced  structures,  sanitary  engineering,  rivers  and  harbors, 
water  supply,  civil  engineering  design  and  railway  permanent  way;  to 
the  Electrical  Department  attach  the  special  subjects  germane  to  it. 

The  Department  of  Mechanics  will  undertake  hereafter  the  instruc- 
tion in  Hydromechanics,  which  has  been  given  in  the  Engineering  De- 
partment in  the  fourth  year.     This  will  be  done  in  the  third  year. 

Sundry  changes  in  the  engineering  courses  have  been  made  and 
planned,  pursuant  to  the  plan  of  getting  preliminary  instruction  as  early 
as  possible,  so  as  to  release  the  fourth  year  for  applications  of  mechanics 
to  practice  in  engineering.  Stoney  on  Strains,  and  Mechanics  are  to 
be  completed  in  the  third  year,  ore-dressing  will  be  in  the  third  year, 
electrical  engineering  for  civil  and  mining  engineers  will  be  in  the  third 
year,  physics  will  be  completed  in  the  second  year,  calculus  will  be  be- 
gun in  first  term  of  second  year  and  for  some  courses  mechanics  will  be 
begun  in  second  year.  These  changes  ought  to  work  to  signal  advan- 
tage in  more  evenly  distributing  the  work  of  the  several  years. 
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Department  op  Mechanics. 

The  Trustees,  at  the  adjourned  meeting  held  January  23d,  separated 
the  subject  of  Mechanics  from  the  Deparinient  of  Astronomy,  thus 
creating  a  Department  of  Mechanics.  To  this  new  department  they 
called  R.  S.  Woodward,  C.  E.,  who  is  to  take  charge  of  the  work  after 
July  1,1893. 

In  making  such  a  choice  the  authorities  are  to  be  congratulated.  Mr. 
Woodward  is  a  graduate  of  the  University  of  Michigan  in  the  course  of 
civil  engineering — class  of  1872.  Since  his  graduation  his  work  has 
been  dune  in  the  government  service  mainly — in  the  Lake  Survey,  the 
Geological  Survey  and  the  U.  S.  Coast  and  Geodetic  Survey.  His  in- 
vestigations have  been  numerous  and  importafit. 

In  the  January  number  of  the  Amtriian  Journal  of  Science  he  has 
given  an  admirable  description  of  the  new  "  iced-bar  base  apparatus," 
upon  which  he  has  been  working  for  a  number  of  years. 

For  a  couple  of  years  he  was  a  professor  at  the  Columbian  University 
at  Washington,  D.  C,  resigning  because  his  original  work  took  up  so 
much  of  his  time. 

Professor  Woodward  appreciates  fully  the  great  importance  to  the 
engineeis  of  a  knowledge  of  mechanics,  and  his  aim  will  be  to  make 
the  fundamental  work  thorough;  at  the  same  time  he  will  develop  the 
higher  work,  and  in  this  he  will  be  ably  assisted  by  Ur.  Pupin, 

Department  of  Electrical  Engineering. 

The  Electrical  Engineering  Department  was  made  a  separate  depart- 
ment at  the  January  meeting  of  the  Trustees  and  Adjunct  Professor 
Crocker  was  promoted  to  a  full  professorship. 

Several  of  the  most  novel  and  interesting  pieces  of  electrical  appar- 
atus have  been  recently  added  to  the  collection.  Among  these  are 
three  motor  dynamos  for  transforming  direct  currents  from  higher  to 
lower  voltage  or  vice  versa.  Such  machines  are  now  being  largely  in- 
troduced into  practical  work  and  are  also  very  useful  for  experimental 
purposes.  A  direct-current  dynamo  of  very  high  electromotive  force 
(5500  volts)  has  been  in  successful  operation  in  the  laboratory  for  sev- 
eral months  and  has  given  interesting  results.  A  larger  machine, 
designed  by  Prof.  Crocker  to  give  10,000  volts  is  almost  completed,  and 
will  be  the  highest  voltage  direct-current  dynamo  ever  built.  A  special 
transformer  giving  80,000  volts  alternating  current  has  just  been  pur- 
chased by  Dr.  Pupin, 

These  new  additions  are  specially  important,  since  it  is  with  light- 
voltage  and  high-frequency  currents  that  the  greater  progress  is  now 
being  made  in   electrical  science. 

Miscellaneous  Notes.* 

The  Trustees  accepted  the  offer  of  Joseph  F,  I^ubat,  to  present  to 

the  College  the  sum  of  seven  thousand  dollars,  the  income  to  be  devoted 

to  the  purpose  of  giving  prizes  for  works  in  the  English  language  on 

the  history,  geography,  archeology,  ethnology,   philology,  or  numis- 

"  Chiellf  from  Vmvrrsity  BulUttm,  No.  4. 
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matics  of  North  America,  and  also  his  Turther  offer  to  present  the  sum 
of  fourteen  hundred  dollars  as  a  fund  for  prizes  to  be  given  in  the  year 
1893. 

The  President  was  authorized  to  expend  a  sum,  not  exceeding  ^1000, 
for  lectures  in  the  Department  of  Engineering,  during  the  current  year, 
on  River  and  Harbor  Improvements,  Water  Supply  and  Sewerage  of 
Towns. 

University  Council. 

The  University  Council  consists  of  the  President,  the  Deans  of  the 
several  University  Faculties,  and  a  representative  chosen  by  each 
Faculty  for  the  term  of  tliree  years  and  of  the  Dean  and  Secretary  of 
the  School  of  Arts,  txoffido. 

The  Council  has  power  in  all  matters  not  referred  by  statute  to  the 
President  or  the  several  Faculties; 

To  determine  the  conditions  upon  which  the  degrees  of  Master  of 
Arts  and  Ductor  of  Philosophy  shall  be  conferred,  and  to  recommend 
candidates  for  the  degrees. 

To  secure  the  correlation  of  courses  offered  by  the  several  University 
Faculties  ;  to  encourage  original  research  ;  to  adjust  all  questions  in- 
volving more  than  one  Faculty. 

To  make  such  recommendations  concerning  the  educational  administra- 
tion of  the  University  as  may  seem  to  it  pro])er,  and  to  advise  the  Presi- 
dent upon  such  matters  as  he  may  bring  before  it. 

To  prescrilie  the  form  of  the  Commencement  exercises  and  to  select 
the  speakers. 

To  appoint  all  Fellows  and  to  make  rules  for  their  government. 

The  Library, 

The  number  of  volumes  in  th 
dred  and  forty-seven  thousand. 
Temple  Emanu-El  libraries. 

Tne  library  of  Dr.  Struve,  formerly  director  of  the  Observatory  at 
Polkowa.  Russia,  was  bought  and  has  arrived  in  good  order. 

The  Temple  Emanu-El  on  Fifth  Avenue,  in  this  city,  presented  to 
the  College  their  collection  of  books  on  Hebrew  literature,  philology, 
and  religion,  numbering  about  twenty-live  hundred  bound  volumes  and 
one  thousand  pamphlets. 

Summer  School  in  Surveying. 

Students  in  civil  and  mining  engineering,  metallurgy,  and  geology 
are  required  to  attend  the  course,  extending  over  two  summers. 

In  that  time  they  complete  thirteen  different  jurveys  and  exercises, 
with  their  computations  and  maps.  Pucing,  ihe  chain,  the  steel  tape, 
the  compass,  the  transit,  the  telemeter  rod,  the  level,  the  plane  table, 
and  minor  in.struments,  the  student  becomes  familiar  with,  by  actual 
practice,  repeated  until  he  ran  do  good  work  and  appreciate  it.  The 
farm  survey,  the  accurate  and  approximate  methods  of  traversing,  the 
mining  claim,  the  city  survey,  tojjographical  surveying  of  a  small  dis- 
trict in  great  detail,  and  of  a  large  region  in  a  more  comprehensive 
style, — all  are  accomplished  by  the  students  before  they  leave. 
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In  order  to  ensure  thorough  work,  the  class  is  divided  into  squads  of 
two  men,  and  a  separate  survey  assigned  to  each  squad,  so  arranged  that 
the  men  must  dejiend  upon  iheir  own  work  solely.  This  most  necessary 
condition  for  real  and  not  merely  apparent  efficiency  of  itislruction  is 
further  maintained  by  an  elaborate  system  of  checks,  whereby  the  offi- 
cers can  ascertain  to  a  certainty  how  nearly  correct  the  student's  field 
and  iiffice  work  is,  and  tan  distinguish  between  accidental  errors  and 
careless  work.  For  ihts  purpose,  what  is  known  as  the  traverse-field  is 
accurately  surveyed  by  the  officers.  Some  three  hondied  courses  and 
corresponding  angles,  forming  a  network  over  the  farm,  have  been  laid 
cut  with  great  accuracy  and  marked  by  granite  monuments,  and  the 
students'  surveys  are  outlined  upon  these. 

A  new  feature  was  introduced  during  the  last  season  consisting  of 
contour  sketching  over  an  extended  area.  Each  squad  was  given  an 
area  three  and  one-half  miles  square,  and  required  to  sketch  in  twenty- 
foot  contours  upon  it. 

Another  feature  of  the  last  session  of  the  School  was  a  relation  with 
the  United  States  Geological  Survey,  whereby  many  of  the  students 
gained  the  opjxirtunity  of  experience  and  contact  with  the  government 
survey  parly.  Through  the  courtesy  of  Major  Powell,  chief  of  the 
survey,  and  with  the  cordial  co-operation  of  his  officers,  arrangements 
were  made  whereby  the  students  had  the  opportunity  of  going  in  par- 
ties of  two  to  join  the  various  topographical  parties-  working  in  New 
York  and  the  New  England  States.  They  were  distributed  between 
the  Catskills,  the  Mohawk  valley,  the  White  Mountains,  and  Maine, 
each  parly  spending  from  six  to  ten  days  watching  the  operalions  of  the 
survey,  and  in  some  instances  taking  part  in  the  work. 

It  is  the  intention  hereafter  to  have  the  fourth-year  students  go  to 
the  Summer  School  for  a  period  of  three  weeks,  and  there  make  all  the 
surveys  and  estimates  for  the  location  and  grading  of  a  complete  line  of 
railroad  of  several  miles  in  length. 

Miscellaneous. 

A  prize  of  Jioo  has  been  offered  by  Mr.  William  G.  Low  for  the  best 
essay  on  ; 

"  The  History  and  Progress  of  Civil  Service  Reform  in  the  National, 
State  and  Loral  Governments  of  the  United  States," 

Competition  is  open  to  all  members  of  the  University.  The  essay 
must  not  be  less  than  15,000  words  in  length,  and  must  be  submitted  to 
the  President  on  or  before  May  1,  1893. 

The  department  of  Greek  has  been  enriched  by  an  extensive  and 
unique  system  of  electrotypes,  made  by  Professor  Rood  from  sealing- 
wax  impressions  taken  by  Dr.  Young  from  the  Archaic  gems  and  seals 
of  Mycense  and  Baphio,  now  in  the  Polytechnikon  at  Athens. 

As  the  nucleus  of  a  collection  of  models  to  illustrate  the  development 
of  the  drama.  Professor  Brander  Matthews  has  presented  to  the  College 
a  model  of  the  stage  and  the  scenery  used  at  Valenciennes,  in  1547,  for 
the  performance  of  the  "  Mystery  of  the  Passion  of  Our  Lord."  This 
is  a  copy  of  the  model  made  by  order  of  the  French  Government  for 
the  special  theatrical  exhibition  in  connection  with  the  Paris  Exposition 
of  1878. 
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Mr.  A.  B.  Moldehnke  has  jusl  acquired  a  complete  set  of  Assyrian 
type;  this  is  the  only  set  of  such  type  in  the  country.  Mr.  Moldehnke 
has  placed  the  type  at  the  disposal  of  Professor  Gottheil,  who  intends 
to  print  a  number  of  Assyrian  text  for  use  in  his  classes; 

The  small  fire-proof  Observatory  to  be  used  for  latitude  observations 
has  been  completed  through  the  liberality  of  President  Low  and  friends 
of  the  College 

The  large  Moss  Herbarium  of  Dr.  Jaeger,  containing  3100  species, 
has  been  secured  for  the  Columbia  Herbarium  by  the  contributions 
of  several  persons  interested  in   Botany. 

Columbia  College  lectures  in  ro-operation  with  the  Metropolitan 
Museum  of  Art,  to  be  given  at  the  Museum,  Fifth  Avenue  and  Eighty- 
second  Street,  on  Saturday  mornings,  at  11  o'clock. 

The  first  course  will  be  on  "  Styles  in  Fine  Art,"  and  will  be  deliv- 
ered by  Mr.  Russell  Sturgis, President  of  the  Architectural  League.  "How 
Styles  Originate  and  Grow.  How  Styles  Differ.  How  Styles  Express 
Purpose  and  Construction.     How  Styles  Express  External  Nature." 

The  second  course  will  be  on  : 

"Cypriote  Sculpture  Illustrated  by  Greek  Art,"  to  be  delivered  by 
A.  C.  Merriam,  Ph.D.,  Professor  of  Greek  Archseology  and  Epigraphy. 

"  Methods  of  Engraving  Gems,  Used  by  the  Ancients,"  to  be  deliv- 
ered by  Ogden  N.  Rood,  A.M.,  Professor  of  Physics. 

"  The  Transition  from  the  Classical  to  Mediieval  Architecture,"  to 
be  delivered  by  W.  R.  Ware,  S.B.,  Professor  of  Architecture. 

"  Architectural  Forrasof  the  Early  Renaissance  in  France  and  Italy," 
to  be  delivered  by  A,  D.  F.  Hamlin,  A.M.,  Adjunct  Professor  of  Arch- 
itecture. 

The  third  course  will  be  on  "  The  Mineral  Resources  of  the  United 
States,"  and  will  be  given  by  J.  F.  Kemp,  E.M.,  Professor  of  Geology. 

A  course  of  twelve  lectures  on  "  Physical  Geography,"  will  be  given 
by  Mr.  G.  K.  Gilbert,  of  the  United  States  Geological  Survey,  and 
President  of  the  Geological  Society  of  America,  in  the  Geological  Lec- 
ture Room,  fourth  floor.  School  of  Mines  Building. 

The  subject  of  these  lectures  are  as  follows: 

General  view  of  the  processes  hy  which  the  earth's  surface  is  modelled. 
The  work  of  water:  disintegration,  transportation,  corrosion,  deposition, 
base-level  plains.  The  work  of  glaciers.  The  work  of  wind.  The 
work  of  wind-waves.  The  methods  of  research.  Illustration  of  re- 
search method.     Organization  of  the  United  States  Geological  Survey, 
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Columbia  College  in  the  Cltv  of  New  York  bi  ihe  present  time  eon»i-t» 
of  the  School  of  Arts,  ihe  origiral  college,  founded  in  1754;  of  sundry  professiunal 
schools,  to-wil :  the  School  of  Law,  the  School  of  Mine«,  ant)  the  College  of  I'hy- 
sicians  and  Surgeons,  admissiun  to  all  of  which,  as  candidates  for  professional  de- 

Kei,  is  open  lo  all  smdenls  whether  or  not  Ihey  are  coUege-hred  men  ;  and  of  the 
iversity  Faculties  of  Law,  Medicine,  Mines  (Applied  Science),  Political  Science, 
Fhilosophy  and  Pure  Science,  which  conduct  all  courses  leading  to  the  university 
degrees  of  Master  of  Arts  and  Doctor  of  Phdosophy. 

The  point  of  contact  between  the  college  and  ihe  university  is  the  senior  year  in 
the  School  of  Arts,  during  which  year  students  in  the  School  of  Arts  pursue  their 
studies,  with  the  consent  of  the  Faculty  of  Arts,  under  one  or  more  of  (he  Univer- 
sity Faculties. 

I.  THE  SCHOOL  OF  ARTS. 

The  School  of  Arts,  or  the  college  proper,  has  a  curriculum  of  four  years'  dura- 
tion leading  to  the  degree  of  Bachelor  of  Arts.  Candidates  for  adoiissioo  to  the 
School  of  Arts  most  be  at  least  lifteen  years  of  age.  and  pass  an  eiamination  on 
prescribed  subjects,  the  particulars  concerning  which  may  be  found  in  the  annual 
Circular  of  Infonnation. 

II.  THE  UNIVERSITY  FACULTIES. 

The  University  Faculties  of  I,Aw,  Medicine,  Mines  (Applied  Science),  Political 
Science,  Philosophy,  and  Pure  Science,  taken  together  constitute  the  University. 
These  university  faculties  offer  advanced  courses  of  study  and  investigation,  respect- 
ively, in  (u)  rrivale  «T  Municipal  Law,  16)  Applied  Science,  (1)  History,  Econ- 
omics, and  Public  Law,  {J)  Philosophy,  Philology  and  Letters,  and  (i)  Pure  Sci- 
ence. Courses  of  study  under  one  or  more  of  these  university  faculties  are  open  to 
members  of  the  senior  class  in  the  School  of  Arts  and  to  all  students  who  have  suc- 
cessfully pursued  an  equivalent  course  of  undergraduate  study  to  Ihe  close  of  the 
junior  year.  These  lead  through  the  Bachelor's  degree  to  the  university  degree  of 
Master  of  Arts  and  Doctor  of  Philosophy. 

III.  THE  PROFESSIONAL  SCHOOLS. 

The  irofessional  schools  are  the  Schools  of  X^w,  Mines,  and  Medicine,  to  which 
all  students,  as  well  those  not  having  pursued  a  course  of  undergraduate  study  as 
those  who  have,  are  admitted  on  terms  prescribed  by  the  faculty  of  each  school  as 
candidates  lor  professional  degrees. 

1.  The  School  of  Law,  established  in  iSjg,  offers  a  course  of  study  covering  a 
period  of  three  years,  and  designed  to  give  full  and  accurate  instruction  in  the 
principles  and  practice  of  private  and  public  law.  The  degree  of  Bachelor  of 
Laws  is  conferred  on  the  satisfactory  completion  of  the  course,  and  in  addition 
thereto  the  degree  of  Master  of  Arts  is  conferred  upon  college  graduates  who 
comply  with  the  conditions  prescribed  by  the  University  Council. 

2.  The  School  of  Mines,  established  in  1SS4,  offers  the  following  courses  of 
study,  each  of  four  years'  dumtion,  and  each  leading  to  an  appropriate  professional 
degree,  namely,  Mininj;  Engineering,  Civil  Engineering,  Electiical  Engineering, 
Metallurgy,  Geolt^y  and  Paiaontology,  Analytical  and  Applied  Chemistry,  Archi- 
tecture. The  degree  of  Master  of  Arts  is  conferred  upon  College  graduates  who 
comply  with  prescribed  conditions.  There  are,  also,  an  additional  course  for  grad- 
uates in  Electrical  Engineering,  and  a  uraduate  couise  in  Sanitary  Engineering, 
each  leading  10  an  appropriate  degree. 

3.  The  College  of  Physicians  and  Surgeons  offers  a  three  years'  course  of  study 
in  the  principles  and  practice  of  medicine  and  surgery,  leading  to  the  degree  of 
Doctor  of  Medicine  (M.D.). 

SETH  LOW,  LL.D.,  President. 
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JOHN  MAGNUS  ADAMS. 
The  First  Graduate  of  the  School  op  Mines, 

The  School  of  Mines  first  opened  its  doors  for  instruction  in  the 
fall  of  the  year  1864.  Its  first  year  was  regarded  solely  as  an  ex- 
periment by  the  trustees  and  a  few  rooms  in  the  basement  of  the 
old  building  (now  torn  down),  were  used  in  that  year  both  for  in- 
struction, and  for  laboratory  work.  At  the  b^inning  it  possessed, 
only  the  most  ordinary  equipment  as  to  laboratories  and  instruc- 
tion, and  it  began  with  only  three  regular  professors.  The  instruc- 
tion of  these  professors  was  supplemented  by  lectures  by  the  regii- 
lar  staff  of  the  college. 

One  of  the  first  applicants  for  admission  to  the  new  school,,  was 
John  Magnus  Adams,  who  had  just  graduated  from  Columbia 
College  with  honor  in  the  class  of  1864.  As  he  was  destined  to 
become  the  first  graduate  of  the  School  of  Mines,  and  as  he  has 
now  gone  from  us,  it  seems  peculiarly  fitting  to  present  in  the 
School  of  Mines  Quarterly,  a  few  memoranda  as  to  his  Ufa. and 
professional  work. 

John  Magnus  Adams  was  the  son  of  the  late  William  Adams,  a 
New  York  commission  merchant.  He  was  born  at  his  father's 
country  place  in  the  Catskills,  on  July  iS,  1845.  He  was  the 
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grandson  of  John  Adams,  who  came  from  the  North  of  Ireland  at 
the  beginning  of  this  century,  and  who,  for  many  years  prior  to 
hi?  death  was  the  President  of  the  Fulton  Bank,  New  York  City. 
On  his  mother's  side  he  was  the  grandson  of  Charles  Gustavus 
Smedburg,  a  native  of  Sweden,  who  came  to  New  York  at  the  be- 
ginning of  this  century  and  his  middle  name  was  that  of  his  great 
grandfather,  Magnus  Smedberg,  of  Stockholm. 

As  a  child  Adams  was  a  delicate  boy  with  a  very  large  intellec- 
tual head.  First,  in  the  infant  school  of  Miss  Ripley  in  Twenty- 
Seventh  Street,  and  afterwards  in  the  classical  school  of  Mr.  Leg- 
gett,  at  Broadway  and  Twelfth  Street,  he  excited  the  interest  of 
his  teachers  by  his  untiring  perseverance  in  everything  he  took 
hold  of.  He  was  not  quick  in  his  studies,  but  remarkably  steady 
and  earnest  and  these  traits  kept  him  always  at  the  head  of  his 
classes.  His  lack  of  physique  gave  his  family  much  uneasiness 
during  his  childhood,  and  he  was  early  encouraged  to  spend  as 
much  of  his  spare  time  in  the  open  air  as  possible.  His  love  of 
Bshing  and  shooting,  began  as  a  boy  during  the  long  vacations  in 
the  Catskills,  and  even  when  a  mere  child  he  would  start  out  for  an 
all  day  tramp  with  his  gun.  Being  near  sighted  his  success  was 
not  very  remarkable  at  first,  but  by  sticking  to  it  he  became  a  very 
fair  shot  indeed  and  at  the  same  time  made  himself  strong  and 
robust  in  frame.  He  entered  Columbia  College  when  fifteen  years 
old,  and  throughout  his  four  years'  course  ranked  third  in  his 
class.  In  the  fall  of  the  year  in  which  he  graduated  in  the  college, 
he  entered  the  School  of  Mines.  As  to  his  career  in  the  school 
one  of  his  professors  writes :  "  Adams  was  one  of  the  first  to  enter 
the  School  of  Mines,  and  from  the  date  he  entered  it,  he  was 
never  behind-hand  in  anything.  He  was  always  prompt  and  in- 
telligent, and  worked  steadilj^  without  making  any  great  show  of 
it.  He  never  failed  at  a  single  examination.  His  marks  were 
generally  above  eight,  and  he  had  hut  one  mark  of  six  in  his 
whole  course,  and  that  was  in  drawing,  for  which  he  was  not  to 
blame,  for  as  you  can  remember,  the  facilities  in  that  department 
were  not  good,  even  in  your  time."  (1866-1869.)  In  March  or 
April,  1867,  having  an  offer  of  employment  in  the  west,  Adams 
was  permitted  to  take  his  graduating  examination,  before  the  rest 
of  his  class.  As  to  this  examination  one  of  his  class-mates  writes: 
"I  remember  that  he  passed  a  brilliant  examination.  He  was  the 
first  to  graduate,  the  first  to  receive  permanent  professional  em- 
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ployment,  and  the  first  to  go  into  the  technology  of  the  precious 
metals." 

In  May,  1867,  he  sailed  for  California  by  way  of  Panama  to 
enter  the  employment  of  the  New  York  and  Owyhee  Gold  and 
Silver  Mining  Company  of  Silver  City,  Idaho,  as  metallurgist  and 
amalgamator.  This  company  owned  the  celebrated  Poor  Man 
Lode,  and  the  problem  offered  by  the  ores  of  that  property  being 
a  very  difficult  one,  he  had  been  recommended  by  the  authorities 
of  the  School  of  Mines  as  the  best  man  to  solve  it.  On  his  way 
to  Idaho,  he  examined  the  Belcher  and  other  properties  on  the 
Comstock  Lode  for  New  York  parties.  From  the  moment  of  his 
arrival  at  Silver  City,  he  operated  the  mill  of  the  company  suc- 
cessfully, and  within  two  years  he  had  reduced  the  loss  in  tailings 
to  a  minimum,  and  the  loss  of  mercury  more  than  one-half.  In 
1870  he  was  made  full  superintendent,  with  W.  F,  Carter  in  charge 
of  the  mechanical  department.  They  continued  this  arrangement 
until  1872,  when  they  leased  the  Elmore  and  Cosmos  properties 
and  the  New  York  mill.  These  leases  were  profitable  up  to  the 
end  of  1873,  when  they  sold  out  their  Idaho  interests,  and  Adams 
returned  to  New  York  to  spend  a  period  with  his  family.  During 
these  years  he  had  made  himself  the  best  mill  man  on  the  Pacific 
Coast,  and  had  improved  the  Washoe  process  both  by  lessening 
its  cost  and  by  decreasing  the  losses.  The  experience  of  these 
years  in  Idaho,  he  embodied  in  a  paper  for  the  American  Institute 
of  Mining  Engineers,  at  the  February  Meeting,  1874,  entitled 
"The  Treatment  of  Gold  and  Silver  Ores  by  Wet  Crushing  and 
Pan  Amalgamation  Without  Roasting,"  which  was  republished  the 
same  year  in  the  Annual  Report  of  the  U.  S.  Commissioner  of 
Mining  Statistics,  under  the  title,  "  Hints  on  the  W^ashoc  Process," 
Although  since  that  date  the  practice  of  milling  has  changed  in 
many  regards,  Adams's  paper  is  still  often  referred  to,  and  it  is  not 
saying  too  much  to  state  that  its  influence  on  this  branch  of  met- 
allurgy was  very  great. 

In  May,  1S74,  Adams  was  called  up  to  the  Silver  Islet  Mine  on 
the  North  Shore  of  Lake  Superior  to  test  the  very  complex  ores 
of  that  mine  by  the  Washoe  process.  For  this  purpose  he  erected 
a  small  plant  at  Detroit,  and  was  very  confident  that  the  Washoe 
process  would  solve  the  problem.  His  results  were  excellent,  but 
the  local  conditions  existing  at  that  time  at  the  Silver  Islet  Mine 
were  difficult  and  it  soon  became  evident  that  in  order  to  use  the 
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Washoe  process,  it  would  be  necessary  to  bring  the  ores  in  bulk 
to  Detroit  for  treatment  at  very  heavy  freight  rates,  and  conse- 
quent loss  of  profit.  Captain  Frue,  the  superintendent,  had  at 
that  time  evolved  the  idea  of  what  is  now  known  as  the  "  Frue 
Vanner,"  namely,  a  revolving  belt  with  a  side  shake,  and  Adams 
after  experimenting  with  it  came  to  the  conclusion  that  concen- 
trating in  loco  with  the  Frue  Vanner,  and  shipping  concentrates 
and  mass-ore  to  Detroit  for  smelting  offered  greater  advantages 
than  could  be  obtained  by  shipping  raw  ore  and  milling  at  De- 
troit. This  solution  of  the  problem  gave  perfectly  satisfactory 
results  until  the  Silver  Istet  Mine  ceased  to  be  a  producer. 

Much  impressed  with  the  value  of  the  Frue  Vanner  for  concen- 
trating, Adams  applied  for  the  agency  of  it  for  the  Pacific  coast, 
and  formed  the  firm  of  Adams  &  Carter,  of  San  Francisco,  for  the 
purpose  of  introducing  it.  For  the  first  few  years  they  encoun- 
tered many  prejudices  and  spent  much  money  in  overcoming 
them,  but  finally  a  successful  business  was  established  which  con- 
tinued up  to  Adams'  death.  In  connection  with  Mr.  Carter  several 
improvements  of  details  of  mechanism  were  made,  and  their  busi- 
ness became  a  large  one. 

Adams  married  Miss  Sallie  Haskell  in  March,  1881.  His  wife 
was  both  beautiful  and  good,  and  their  married  life  was  a  very 
happy  one.  Having  no  children  she  sympathized  in  all  his  tastes 
and  when  he  projected  a  fishing  excursion  she  always  went  with 
him,  and  it  was  always  a  question  as  to  whinh  caught  the  most 
fish,  for  they  were  both  very  successful.  Mrs.  Adams  was  also  a 
wonderful  off-hand  pistol  shot,  and  the  walls  of  her  house  were 
decorated  with  many  brilliant  wings  of  birds  which  she  had  shot. 
Seldom  can  one  meet  a  more  happy  and  hospitable  pair,  and  all 
School  of  Mines  men  who  came  to  the  coast  were  warmly  wel- 
comed by  them  to  their  lovely  home.  Mrs.  Adams  died  on  the 
lOth  of  March,  i886,  after  five  years  of  marriage,  and  her  death  was 
an  irreparable  loss  to  her  husband,  who  never  recovered  from  it. 
In  the  same  year,  and  but  a  few  months  later,  his  partner,  Mr- 
Carter,  died  suddenly.  The  business  was  carried  on  without 
change  of  firm  name  through  the  purchase  of  Carter's  interest 
from  his  heirs. 

Early  in  June,  1892,  feeling  ill  and  unfit  for  work,  Adams 
decided  to  make  one  of  his  fishing  trips  to  a  favorite  point  on  the 
Reservation  of  the  Klamath  Indians  in  Southern  Oregon.  He 
left  San   Francisco   unwell,  and  was  hardly  equal   to   so  wearing 
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a  Journey,  but  he  longed  for  the  streams  and  woods,  and  thought 
that  a  return  to  them  would  restore  him  to  heahh,  as  it  had  done 
on  other  occasions.  He  was  accompanied  by  two  old  friends  and 
his  trusted  Indian  guide  Joe  Coburn  met  him  on  leaving  the  rail- 
road to  take  them  to  their  camping  place  100  miles  from  the  line. 
Hardly  were  the  party  established  in  camp  when  Adams  became 
seriously  worse,  with  the  complication  of  catarrh  and  pneumonia 
which  he  had  in  San  Francisco.  Physicians  were  summoned,  and 
he  was  moved  with  difficulty  to  the  residence  of  the  Indian  agent, 
where  he  passed  away  peacefully  at  2  o'clock  on  the  morning  of 
June  25th.  His  body  was  taken  to  San  Francisco  and  funeral 
services  were  held  in  the  first  Presbyterian  Church  on  June  29th. 
From  the  pulpit,  which  was  embowered  with  pahns  and  flowers, 
his  old  friend  Dr.  McKenzie  delivered  the  funeral  sermon.  The 
church  was  crowded  with  his  many  friends,  and  many  were  unable 
to  gain  entrance.  At  the  time  of  his  death  Adams  was  a  member 
of  all  the  principal  clubs  of  San  Francisco,  and  an  officer  in  several 
of  them,  and  his  death  caused  a  very  widely  extended  sentiment 
of  sorrow,  for  he  was  loved  and  respected  by  many. 

Adams  was  the  first  graduate  of  our  School  of  Mines,  and 
through  his  whole  life  he  led  the  van  nf  those,  who  by  their  hard 
work,  unflinching  honesty  and  professional  skill  have  caused 
School  of  Mines  graduates  to  be  to-day  respected  in  all  parts  of 
the  world.  His  professional  judgment  both  as  to  mines  and  the 
treatment  of  ores  was  very  conservative,  and  it  was  continually 
sought  during  his  whole  career  both  in  valuing  mines  and  in  test- 
ing new  processes  and  machinery.  Members  of  the  profession 
often  sought  his  advice  in  designing  new  mills,  and  his  vast  experi- 
ence and  sound  judgment  were  of  great  value  to  them.  In  every- 
thing he  did  he  was  thorough.  He  was  faithful  in  his  friendshipsi 
honest  in  his  purposes,  generous,  warm-hearted  and  truthful. 
What  he  put  his  hand  to  do  he  accomplished,  and  it  was  always 
well  done.  His  word  once  passed  could  always  be  relied  on,  and 
when  he  stated  that  he  believed  a  thing  to  be  so  or  thus,  it  would 
always  prove  to  be  as  stated. 

Probably  no  man  ever  graduated  from  the  School  of  Mines,  so 
generally  loved,  respected  and  trusted  by  all  who  knew  him.  He 
was  buried  beside  his  much  loved  wife  in  the  Masonic  Cemetery. 
San  Francisco. 

John  C.  F.  Randolph. 
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STANDARDS  OF  LINEAR  MEASURE. 

Bv  EDWIN  P.  CLARK,  E.M. 
(Conlinued  from  p.  133,) 

The  first  settlers  of  the  English  Colonies  in  America  brought 
with  them  the  general  laws,  customs  and  usages  of  the  mother 
country,  and  made  use  in  all  their  transactions  of  the  English 
measures  and  weights.  In  all  the  colonies,  customs  arose  or  laws 
were  enacted  establishing  the  "standards  of  the  Exchequer"  as 
the  lawful  measures  and  weights,  the  standard  yard  being  that  of 
Queen  Elizabeth  of  1 588.  Actual  copies  were  obtained,  in  many 
instances,  of  the  standards  of  the  old  country,  and  the  office  of 
sealer  of  weights  and  measures,  or  some  similar  office  with  analo- 
gous functions,  established  in  all  the  colonies.  From  the  absolute 
inter- in  dependence  of  the  colonies  some  diversity  of  standard 
arose  prior  to  the  Revolution,  but  there  was  substantial  uni- 
formity, 

The  Congress  of  the  United  Statss  is  empowered  to  "  fix  the 
standard  of  weights  and  measures,"*  but  has  never  directly  estab- 
lished any  standard  of  linear  measure.  The  journals  of  both 
Houses  of  Congress  show  that  committees  were  early  appointed 
to  consider  the  subject.  "In  July,  1793,  Thomas  Jefferson,  then 
Secretary  of  State,  in  obedience  to  a  resolution  of  Congress  calling 
upon  the  Secretary  to  propose  a  plan  (or  establishing  a  uniformity 
in  the  currency,  weights  and  measures  of  the  United  States  "  (in 
conformity  with  the  suggestion  of  Washington  in  his  annual  mes- 
sage, in  which  he  said,  "  Uniformity  in  the  currency,  weights  and 
measures  of  the  United  States  is  an  object  of  great  importance,  and 
will,  1  am  persuaded,  be  duly  attended  to")  "recommended  in  his 
report  a  decimal  system  of  metrology,  and  that  the  unit  be  derived 
from  a  natural  and  invariable  standard  of  length."  He  was  not 
satisfied  with  the  results  obtained  in  measurements  that  had,  up  to 
that  lime,  been  made  of  portions  of  great  circles  of  the  globe,  or 
with  the  simple  seconds  pendulum,  and  therefore  "  advised  the  use 
of  aseconds  rod  of  5  feet,  known  as  Leslie's  pendulum  rod.  This 
was  a  simple  straight  bar,  without  a  bob  or  disc,  suspended  at  one 

*  Conslitulioii,  Art.  I.,  Sec.  8,  paragraph  5. 
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end,  and  free  to  swing  at  that  point,  its  centre  of  oscillation  being 
at  a  distance  of  two-thirds  of  its  length  from  the  point  of  suspen- 
sion. It  would  be  one-half  longer  than  the  ordinary  loaded  pen- 
dulum." "  He  proposed  that  this  rod  be  made  of  iron,  of  such  a 
length  that  at  the  level  of  the  sea,  at  latitude  45°,  and  with  a  con- 
stant temperature,  it  should  beat  seconds  of  mean  time ;  its  length 
would  be  58.72368  inches."  Jefferson  proposed  to  divide  this 
into  s  feet  of  10  equal  parts  each.  This  would  give  a  foot  equal 
to  11.7449  British  inches.*  It  is  probably  needless  to  say  that 
nothing  ever  came  of  this  proposition. 

In  1813,  the  Coast  Survey,  in  order  to  have  a  well-accredited 
copy  of  the  British  standard,  procured  a  Troughton  scale  82  inches 
long,  of  substantially  the  same  pattern  as  that  used  by  Shuck- 
burgh.  With  this  as  a  comparateur,  Mr,  Hassler,  Superintendent 
of  the  Coast  Survey,  made  a  large  number  of  comparisons  of  all 
the  standard  measures  that  he  could  obtain,  as  well  as  the  differ- 
ent parts  of  the  scale  with  itself.  The  result  of  the  latter  experi- 
ment was  the  determination  that  the  36  inches  comprised  between 
the  27th  and  63d  inches  of  the  scale  at  62°  F.  should  be  the 
standard  yard;  this  was  afterwards  adopted  by  the  Treasury  De- 
partment as  a  standard.  Mr.  Hassler  also  determined  the  length 
of  the  metre  and  toise,  in  his  comparisons  made  in  1817.  His 
results  were:  metre  equal  to  39.38024797  inches;  toise,  76.74 -f- 
(comparisori  of  4  toises  not  averaged  and  not  considered  conclu- 
sive by  Mr.  Hassler).t 

On  March  3,  1817,  the  Senate,  by  a  resolution  of  that  date,  di- 
rected the  Secretary  of  State  to  prepare  and  report  to  it  "  a  state- 
ment relative  to  the  regulations  and  standards  for  weights  and 
measures  in  the  several  States,  arid  relative  to  proceedings  in  for- 
eign countries,  for  establishing  uniformity  in  weights  and  measures, 
together  with  such  propositions  relative  thereto,  as  may  be  proper 
to  be  adopted  in  the  United  Slates."  The  report  of  John  Quincy 
Adams,  quoted  several  times  in  this  article,  was  the  result  of  this 
resolution.  In  this  report  Mr.  Adams  displayed  a  large  amount 
of  erudition,  and  collected  together  all  the  information  that  he 
could  obtain  on  the  subject.     He  discussed  very  thoroughly  the 

*  Geo.  M.  honA.Jour.  Frank.  Ittsl.,  107,  3d  ser.  87,  pp.  183-4. 
-f  J.  Q.  Adams,  Report,  Append.  D,  pp.  154,  tl.  seq. 
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old  English  standards  and  the  French  metric  system,  as  well  as 
the  theoretical  question  of  uniformity,  but  practically  recom- 
mended that  nothing  be  done  to  change  the  generally  accepted 
system  as  then  existing  in  the  United  States,  especially  as  it  sub- 
stantially agreed  with  the  British  system.  He  advised  that  Con- 
gress should  request  the  President  to  communicate  with  foreign 
governments  looking  to  concerted  action  for  the  eventual  estab- 
lishment of  a  universal  uniformity;  in  the  meantime  Congress  to 
fix  and  determine  the  standards  in  use  in  the  various  States  as 
nearly  as  possible  by  means  of  their  theoretical  values  and  the 
English  standards.  He  collected  in  the  appendices  of  his  report 
all  the  laws  that  had  been  enacted  by  the  various  colonies  and 
States  relative  to  the  subject  of  measures  and  weights.  No  legis- 
lative action  followed  this  report. 

The  next  attempt  looking  towards  a  regulation  of  the  subject 
was  a  resolution  of  the  Senate  of  May  29,  1 830,  directing  the  Secre- 
tary of  the  Treasury  to  have  the  various  measures  and  weights  in 
use  in  the  custom  houses  of  the  United  States  compared  and  in- 
spected so  that  uniformity  might  be  introduced.  Accordingly  Mr. 
Hassler  conducted  another  series  of  experiments  in  1831,3  detailed 
account  of  which  is  contained  in  a  report  made  to  the  Senate  in 
1832.  He  did  not  confine  his  comparisons  to  the  measures  sent 
in  by  the  custom  houses,  but  also  made  use  of  ail  standards  that 
could  be  procured,  some  of  which  he  obtained  from' the  various 
national  and  State  governmental  departments,  and  some  from  pri- 
vate sources. 

The  principal  standards  of  linear  meas^ire  that  he  compared  were 
the  following: 

I.  The  Troughton  Scale  of  th&  Coast  Survey  Department  made 
in  1813.  This  was  the  standard  by  which  all  the  others  were 
measured. 

II.  A  brass  line  measure  having  the  yard  and  ell  marked  on  it, 
authenticated  "  by  a  parchment  indenture,  stating  "  that  it  had  been 
"  received  from  the  Exchequer  by  Edward  Abraham  De  Grave, 
No.  59  St.  Martin  Legrand,  sealer,  weight  and  measure  maker, 
dated  8th  Dec,  1820;  and  a  certificate  of  Thomas  Jones,  mathe- 
matical instrument  maker,  etc.,  that "  it  was  made  "  under  his  direc- 
tion, dated  the  same  day." 

III.  and  IV.  End  measures  of  the  yard  and  ell  made  by  Thomas 
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Jones,  authenticated  by  a  similar  indenture,  dated  May  27,  1 822, 
having  engraved  inscriptions  certifying  them  as  exact  copies  of  the 
Exchequer  standard  of  1601  (Elizabeth  1588  ?)  at  62°  F.,  made  ex- 
pressly for  the  Government  of  the  United  States  in  May,  1S22, 

V.  A  brass  scale  or  rule,  having  the  yard  and  ell  marked  by 
lines  or  stripes  of  silver ;  made  by  Jones, 

VI.  A  scale  of  52  inches  made  by  Troughton  which  had  marked 
on  it  the  distance  5 1.2  inches  taken  from  Shuckburgh's  scale. 

VII.  A  yard  between  platinum  dots,  also  made  by  Troughton, 
and  considered  to  be  identical  with  the  old  Exchequer  yard.  On 
it  was  marked  the  old  Amsterdam  foot. 

VIII.  A  scale  belonging  to  the  University  of  Virginia,  made  by 
Gilbert. 

IX.  An  iron  yard  of  the  Engineer's  Department,  cut  to  length 
fay  Troughton. 

X.  A  brass  yard  from  the  office  of  the  Secretary  of  State  of 
New  York,  procured  from  the  Exchequer  in  1803. 

The  results  obtained  are  shown  in  the  following  tables : 


I  The  old  Exchequer  yard  of  i8zo, 3S-987497  ■ 
"                *'         ell         "         45.026101 
The  liUter  reduced  to  the  yard, 36.020881 

HI.   The  copy  of  the  Eichequer  yard  by  Jones, 35  9990285 

(The  copy  of  the  Exchequer  ell  by  Jonea 45.0389644 

Ixhe  Ulter  reduced  to  the  yard .36.031171 

I  The  brass  yard  of  Jones, 35-993^35 
The  brass  ell  of  Jones, 45-03343 
The  latter  reduced  to  the  yard, 36.016744 

(The  Troughton  j-ard  (mean  of  the  52  ins.  scale) 36.0002465 

Vl.t  The  51.1  ins.,  taken  from  Shuckburgh's  scale) 5'.i99i977 

(.Theyard  reduced  from  the  latter  proportionally 3S'999S06 

(The  yard  between  platinum  dots ,■ 35'99^7S^ 

(.The  Amsterdam  foot  laid  down  on  the  same, 11.30346 

VIII.   The  scale  of  the  University  of  Virginia, 35.9951318 

IX.   The  iron  yard  of  the  Engineer  Department,. 35-99^77^ 

X.   The  New  York  brass  yard, 36.0I54S 
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Measures  sent  in  by  the  Custom  Houses. 

A  folding  yard  rule,  fliiladelphja,  36.0OOZ465 

A  sixty.inch  Inpe,  Philadelphia, 59.6. 

A  yard  stick,  Boston 36.02581 

A         •*         Balliroore, 36.0156 

A  yard  tape,  Baltimore, „ -.36.05 

An  octagon  48-inch  stick,  Richmond, 4S.12 

Brass  fool-rules,  Providence: 

No.  I.     iz.oi6  ins. ;  resulting  yard, 36.078 

No.  3.     IZ.055  ins. ;  "         .36.I65* 

"In  the  year  1856  the  British  government  presented  to  the 
United  States  two  authentic  copies  of  the  British  standard  of  length 
which  are  known  in  Washington  as  :  Bronze  Standard  No.  11,  and 
Low  Moor  Iron  Standard  No,  57.  Both  are  bars  of  square  cross- 
section  and  somewhat  longer  than  9  yard  ;  in  the  vicinity  of  each 
end  there  is  a  circular  hole  sunk  down  to  the  center  of  the  bar,  into 
the  bottom  of  which  a  small  gold  disc  is  inserted,  on  which  are 
engraved  five  fine  lines,  viz.,  two  in  the  direction  of  the  length  of 
the  bar  and  three  at  right  angles  to  them.  The  length  of  one  yard 
is  defined  by  the  distance  from  the  central  transverse  line  in  one 
hole  to  the  central  transverse  line  in  the  other  hole,  the  parts  of 
those  lines  to  be  used  which  are  situated  between  the  two  longitudi- 
nal lines.  The  standard  temperatures  were  given  by  Mr.  Airy,  the 
Astronomer  Royal,  for  the  bronze  bar  at  61.79°  F-i^nd  for  the  iron 
bar  at  62.58°  F.  The  object  of  locating  the  graduation  of  these 
standards  in  the  neutral  axis  of  the  bars  was  to  eliminate  the  error 
resulting  from  flexure  f  unavoidably  due  to  the  weight  of  the 
bar  between  the  points  of  support,  when  used  in  comparisons. 
When  these  standards  were  compared  with  the  Troughton  scale  it 
was  found  to  be  too  long  by  .0(X)83  inch  at  62°  F.,  and  its  stand- 
ard temperature  was  corrected  to  59.4°.  In  1874  it  was  again 
corrected  to  59.6°  F.  It  has  since  been  found  that  bronze  No.  1 1 
is  shorter  by  .000088  of  an  inch  at  62°  F.  than  the  British  Imperial 
yard,  with  which  it  was  compared  in  1878,  and  so  its  standard 
temperature  was  established  at  62.25°  F.  From  the  conclusions 
of  Mr.  Hilgard  it  seems  evident  that  standards  are  apt  to  perma- 
nently change  their  Length  in  the  course  of  time  by  being  sub- 

•  F.  R.  Hiisler,  Report,  tffljjiiTi. 

■f  Giessler,  fQurnal Frank,  ttul.,  126,  p.  IZ2. 
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jccted  to  variations  of  temperature,  and  possibly  independently  of 
that  cause,  some  molecular  alteration  seems  to  occur  in  the  metal 
bars,  especially  those  made  of  alloys  such  as  Baily'a  metal,  which 
changes  their  length.  It  was  found  that  the  two  standards  pre- 
sented to  the  government  in  1856  had  changed  their  relative 
length  by  ,00025  of  an  inch  in  twenty-five  years.  When  these 
changes  are  satisfactorily  proven  to  have  taken  place  the  tempera- 
ture at  which  the  bars  will  be  the  correct  length  is  changed  and 
they  again  become  standard. 

The  ordinary  forms  of  end  and  line  standards  have  been  de- 
scribed. They  are,  generally,  plain  metal  bars  of  square  or  rect- 
angular cross- section.  "  When  measures  constructed  of  different 
metals  are  compared  with  each  other,  careful  measurements  must 
be  made  of  their  temperature,  so  as  to  take  into  consideration 
their  different "  rates  of  expansion,*  In  order  to  obtain  this  value 
most  accurately,  standards  have  been  constructed  which  form  metal 
thermometers.  The  standard  metre,  presented  by  France  to  the 
United  States  in  1850,  is  one  of  these.  It  is  a  planed  and  polished 
steel  bar,  the  two  ends  of  which  are  a  metre  apart  at  o"  0.(32°  F.). 
Upon  each  end  of  the  bar  is  screwed  a  small  steel  prism  of  the 
thickness  of  half  the  width  of  the  bar.  The  joints  between  the 
prisms  and  the  ends  serve  as  lines,  and  the  standard  is,  therefore,  a 
line  measure  as  well  as  an  end  measure.  This  steel  bar  rests  upon 
a  thicker  and  somewhat  longer  bronze  bar,  the  two  ends  of  which 
project  beyond  it,  the  bars  being  united  by  a  pin  at  one  end,  the 
other  ends  being  free.  To  prevent  any  lateral  deviation,  there  are 
four  short  guide-pieces,  one  on  each  side,  attached  to  each  end  of 
the  bronze  bar,  their  top  surfaces  extending  up  flush  with  the  top 
of  the  steel  bar.  One  of  the  guide-pieces  at  the  free  end  bears  a 
graduation,  and  opposite  to  it  the  steel  bar  bears  a  vernier,  by 
means  of  which  the  relative  movements  of  expansion  of  the  two 
bars  can  be  read  o^  to  .01  mm.     The  standard  is  placed  in  melt  - 

■  For  delailed  accounts  of  ihe  methods  and  apparatus  used  in  comparing  standard 
measures,  consult  Hassler's  Report,  Chisholm  •'  On  Weighing  and  Measuring,"  Re- 
port of  Ihe  Secretary  of  the  Treasury  on  ■'  Construction  and  Distribution  of  Weights 
and  Measures,"  Washington,  1857,  and  the  articles  by  Giescler  and  Bond  in  the 
Journal  ai  the  Franklin  Institute,  referred  10  in  this  article.  For  a  discussion  of  sev- 
eral important  questions  entering  into  Ihe  subject  of  comparison  of  standards,  see  an 
article  "  On  the  Present  Slate  of  the  Question  of  Standards  of  Length,"  by  Professor 
W.  A.  Rogers,  in  Proreidings  of  the  Amer,  Acad,  of  Arts  and  Sciences,  vol,  iv.  (nevr 
series,  vii,),  pp,  273  tt  stq.,  which  also  contains  a  bibliography  of  the  subject. 
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ing  ice  for  two  hours,  the  vernier  then  reads  4,42  ;  it  is  then  placed 
in  boiling  water  for  two  hours,  and  the  reading  is  3.80  mm. ;  the 
difference,  0.62  mm,,  being  the  relative  difference  of  expansion  for 
100°  C.  for  954  mm.,  that  being  the  distance  from  the  fixed  point 
to  the  zero  of  the  vernier.  In  order  to  determine  the  absolute  ex- 
pansion of  each  bar,  use  is  made  of  a  beam-compass,  the  two 
points  of  which  are  kept  at  l  metre  apart  by  placing  it  in  a  trough 
of  melting  ice  through  the  bottom  of  which  the  points  protrude. 
By  applying  this  tieam-compass  to  the  steel  and  bronze  bars,  at 
both  ranges  of  temperature  used  in  the  first  experiment  described 
above,  the  following  results  are  obtained : 

Expansion  of  bronze  bar,  for  range  of  100°  C,  1.7030  mm. 

Expansion  of  steel  bar,  for  range  of  100"  C,  1.0502. 

The  difference,  0.6528,  reduced  to  the  length  of  954  mm,,  gives 
0,6228,  a  very  close  approximation  to  the  result  first  obtained,* 

Congress  has  never,  by  direct  letjislation,  established  any  stand- 
ard of  length,  and  has  enacted  very  few  laws  bearing  upon  the 
subject.  In  the  act  providing  for  the  survey  and  sale  of  the  public 
lands  northwest  of  the  Ohio  river,  approved  May  18,  1796,  there 
is  a  provision  that  "all  lines  shall  be  ...  .  measured  with  chains 
containing  two  perches  of  sixteen  feet  and  one-half  each,  sub- 
divided into  twenty-five  equal  links,  and  the  chain  shall  be  ad- 
justed to  a  standard  to  be  kept  for  that  purpose."  Accordingly,  a 
chain,  33  feet  long,  divided  into  double  link  lengths,  was  made  in 
1797,  by  Benjamin  Rittenhouse,  of  Philadelphia,  and  first  used  at 
Marietta,  Ohio,  as  a  standard  for  adjusting  measures  used  in  exe- 
cuting the  public  surveys.  In  the  act  "  to  regulate  the  collection 
of  duties  on  imposts  and  tonnage,"  approved  March  2,  1799,  which 
established  rules  and  regulations  for  the  custom-house  service, 
section  21  prescribes  that  the  surveyor  of  customs  "shall  also, 
from  time  to  time,  and  particularly  on  the  first  Monday  in  January 
and  July  in  each  year,  examine  and  try  the  weights,  measures,  and 
other  instruments,  used  in  ascertaining  the  duties  on  imports,  with 
standards  to  be  provided  by  each  collector  at  the  public  expense 
for  that  purpose ;  and  when' disagreements  or  errors  are  discovered, 
he  shall  report  the  same  to  the  collector,  and  obey  and  execute 
such  directions  as  he  may  receive  for  correcting  thereof,  agreeably 
to  the  standards  aforesaid."  By  joint  resolution  of  June,  14,  1836, 
Congress  directed  the  Secretary  of  the  Treasury  to  distribute  com- 

•■  Giessler,  ibid.,  pp.  1 23-4-5, 
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plete  sets  of  all  the  weights  and  measures  adopted  as  standards, 
and  made  for  the  use  of  the  custom  houses,  to  the  various  States 
of  the  Union,  "  to  the  end  that  an  uniform  standard  of  weights  and 
measures  may  be  established  throughout  the  United  States."  This 
was  accordingly  done  under  the  direction  of  the  Coast  Survey,  the 
construction  and  coTii[)ari5on  of  the  standards  being  made  under 
the  immediate  supervision  of  Mr.  Joseph  Saxton.  Another  act  was 
approved  July  28,  1866,  permitting  and  tegahzing  the  use  of  the 
metric  system ;  the  length  of  the  metre  being  established  at  39.37 
inches;  the  Secretary  of  the  Trelsury  having  been  directed  to  fur- 
nish the  States  with  sets  of  metric  weights  and  measures  by  a  joint 
resolution  of  July  27,  1866. 

The  actual  standard  of  length  of  the  United  States,  adopted  by 
the  Treasury  Dej  artment  and  the  Coast  Survey,  is  the  Troughton 
82-inch  scale,  and  the  standard  yard  is  measured  between  the  27th 
and  63d  inches  at  the  temperature  of  59,60°  F.,  although  recourse 
is  had  to  No.  1 1  and  No.  57  whenever  great  precision  is  required. 
The  United  States  standard  yard  isi<ii'«ftV«/with  the  British  imperial 
Yard,  notwithstanding  statements  to  the  contrary  to  be  found  in 
some  text-books,  works  on  metrology,  and  kindred  subjects.  The 
statement  is  sometimes  made,  that  the  British  standard  is  about  i 
part  in  17,230  shorter  than  the  United  States,  which  error  appears 
to  have  arisen  from  the  unfortunate  relation  of  the  yard  to  the  sec- 
onds pendulum  established  by  the  act  of  1824,  which  has  since 
been  shown  to  be  erroneous.  Other  errors  that  have  found  coun- 
tenance are,  that  one  United  States  inch  equals  1.000049  British 
inches,  and  that  the  American  standard  yard  is  .00087  '"ch  longer 
than  the  British. 

The  legislation  of  the  different  Colonies  and  States  on  the  sub- 
ject of  standard  measures  may  well  be  typified  by  that  of  New 
York,  which  consists  of  the  following  acts. 

Act  of  June  19,  1703. — Provides,  "  That  from  and  after  the  first 
day  of  August,"  next  "there  shall  be  ...  .  one  yard,  that  is  to 
say, ....  according  to  the  standard  of  her  Majesty's  exchequer,  in 
the  realm  of  England,  throughout  all  this  colony,"  Prior  to  the 
acquisition  of  the  colony  by  the  English,  in  1664,  the  standard  in 
use  was  the  Dutch  measure,  founded  on  the  Amsterdam  foot,  equal 
to  1 1.304  inches  (i  i  30346  according  to  Hassler)  British  standard, 
13  of  which  made  a  Dutch  rod,  equivalent  to  12  feet  3,62  inches. 
This  act  also  prdvides  for  the  appointment  of  sealers  of  weights 
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and  measures  in  all  the  counties  and  cities  of  the  colony,  and  pre- 
scribes their  duties. 

Act  of  Apr.  lO,  1784. — Provides  "  That,  from  and  after  the  first 
day  of  June  next,  there  shall  be  one  ....  certain  weight  and 
measure;  that  is  to  say  ....  according  to  the  standard  in  use 
in  this  State,  on  the  day  of  the  declaration  of  the  independence 
thereof;  and  that  the  standard  weights  and  measures  in  the  custody 
of  William  Hardenbrook,  who,  before  and  at  the  time  of  said  decla- 
ration, was  the  public  sealer  and  marker  of  all  beams,  and  weights, 
and  measures,  within  the  city  afld  county  of  New  York,  which 
standard  is  according  to  the  standard  of  the  court  of  exchequer  in 
that  part  of  Great  Britain  called  England,  shall  forever  hereafter 
be  deposited  with,  kept,  and  preserved  by  the  clerk  of  tlie  peace, 
or  common  clerk  of  the  city  and  county  of  New  York,  for  the  time 
being,  and  shall  be  and  hereby  are  declared  and  established  to  be 
and  remain  the  standard,  for  ascertaining  all  beams,  weights,  and 
measures,  throughout  the  State,  any  usage  or  custom  to  the  con- 
trary thereof  notwithstanding;  ....  Provided  always"  That 
William  Hardenbrook  shall  deliver  the  said  standards  to  the  clerk 
and  declare  on  oath  that  they  "  are  the  same  which  he  received  from 
the  court  of  exchequer."  This  act  also  provides  that  if  any  of 
the  standards  are  broken,  impaired  or  mislaid  that  the  Common 
Council  of  New  York  shall  cause  them  to  be  replaced  by  any  other 
"  standarded  "  weights  or  measures,  "  taking  care  that  the  same  is 
according  to  the  standard  established  in  the  "  colony  before  the 
declaration  of  independence  ;  also  provides  for  sealers.  Professor 
Renwick  states  it  as  his  opinion  that  these  standards,  mentioned 
in  this  act,  were  lost  at  the  time  (1826)  when  he  investigated  the 
subject* 

Act  of  Feb.  2, 1 804. — Constitutes  the  Secretary  of  State  state  sealer 
of  weights  and  measures,  and  provides  for  county  and  town  sealers, 
and  also  for  standards  to  be  made  of  iron,  brass  or  copper  and 
distributed. 

Act  of  Mch.  24,  1809. — "  Whereas  the  corporation  of  the  city  of 
New  York  did,  in  the  year  1803,  procure  a  brass  yard  measure, 
engraved  and  sealed  at  the  exchequer  in  Great  Britain,  and  have 
presented  the  sartie  to  this  State,  which  has  been  deposited  together 
with  the  documents  authenticating  it,  in  the  secretary's  office — 

•  youmal  Frank.  Inst ,  New  Ser.  13  {'7),  p.  j79. 
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Therefore,  Be  it  enacUd"  ete.,  "  That  the  said  brass  measure  is  and 
shall  be,  the  standard  yard  measure  of  this  Stale."  Provides  for 
properly  engraving  the  standard,  and  making  of  copies  for  distri- 
bution among  the  several  counties  of  the  State.  Also  enacts  that 
surveyors,  in  testifying  regarding  surveys  shall  make  oath  that 
the  measure  used  by  them  was  conformable  to  this  standard ; 
otherwise  their  evidence  to  be  rejected.  *  This  is  the  standard 
which  Hassler  compared  (No.  X)  and  found  to  be  36.01545  inches 
on  Troughton's  scale,  although  a  copy  deposited  in  the  street 
commissioner's  office  in  New  York  City  and  called  by  Mr.  Adams 
the  New  York  city  yard  was  too  short,  being  only  35-97  inches 
of  the  New  York  State  yard,  equivalent  to  35.99  United  States 
inches,  f 

Act  of  Mch.  19,  l8i3.~Provides  "That  there  shall  be  ...  . 
one  certain  rod  for  long  measure,  according  to  the  standard  in  use 
in  this  State,  on  the  day  of  the  declaration  of  the  independence 
thereof;  and  that  the  standard  of  weights  and  measures,  now  in 
the  office  of  the  secretary  of  this  State,  which  is  according  to  the 
standard  of  the  court  of  exchequer  in  that  part  of  Great  Britain 
called  England,  shall  be,  and  is  hereby  declared  to  be  and  remain, 
the  standard  for  ascertaining  all  beams,  weights,  and  measures 
throughout  this  State,  until  the  Congress  of  the  United  States  shall 
establish  the  standard  of  weights  and  measures  for  the  United 
States."  Also  enacts  that  the  secretary  of  state  shall  be,  ex-officio, 
State  sealer  of  weights  and  measures ;  that  there  shall  be  three 
assistant  State  sealers,  one  for  New  York  City,  one  for  Albany,  and 
one  in  the  county  of  Oneida ;  also  county  and  town  sealers.  Also 
prescribes  regulations  for  procuring,  distributing  and  properly 
marking  and  comparing  the  various  State,  county  and  town  stand- 
ards. Embodies  the  same  clauses  regarding  evidence  of  sur- 
veyors found  in  the  act  of  1809.I 

The  commissioners  who  compiled  the  first  edition  of  the  revised 
statutes  referred  the  subject  of  weights  and  measures  to  James 
Repwick,  LL.D.,  Professor  of  Natural  Philosophy  and  Chemistry 
in  Columbia  College,  who  made  a  report  to  them  in  1 826.     In  this 

*  The  actsabovesummaiized  will  be  found  in  Adams'  report  pp.  loi-z,  189  etuq. 

t  Adams'  Report,  Ap.  A  z,  table  after  p,  140.  Kenwick,  youmal  Frank,  lust,  13 
('7).P-379- 

t  R.  L  ,  1813,  ch.  30  Van  Ness  and  Wooilworth,  I,,  p.  376 ;  repealed  by-lkwi  ot 
■82S,  2d  Scss.,  cb.  21,  par.  98,  to  take  efTect  December  31, 1S29. 
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report  he  discourages  the  idea  of  introducing  any  radical  changes, 
and  recommends  that  the  standard  yard  in  use  at  the  time  of  the 
declaration  of  independence  referred  to  in  the  previous  statutes  be 
defined  by  its  relation  to  the  seconds  pendulum,  some  experiments 
with  which  had  been  conducted  at  the  college  by  himself  and 
Captain,  afterwards  General,  Sir  Edward  Sabine,  they  having  found 
the  length  of  the  pendulum  to  be  39.10158  inches,  which  gives  the 
relation  subsequently  enacted.  He  recommends  the  enactment  of 
a  statute  in  almost  the  identical  words  afterwards  employed.  The 
result  of  this  report  was  the  following. 

Revised  Statutes,  Part  /.,  Ckap.  XIX.,  Title  II.  {ist  edition). 

Section  1.  "There  shall  be  but  one  standard  of  measure  of 
length  and  surface,"  etc.,  ....  "  throughout  this  State." 

Sec.  2.  "  The  unit  or  standard  measure  of  length  and  surface 
....  shall  be  the  yard,  as  used  in  this  State  on  the  "  4th  of  July, 

1776. 

Sec.  3.  "  For  the  precise  definition  of  the  said  yard,  and  in  order 
to  its  recovery  in  case  of  loss,  it  is  declared  (until  the  measure  of 
the  pendulum  shall  be  transfered  to  some  appropriate  public  build- 
ing) that  such  yard  has  been  found,  by  experiments  made  with  a 
pendulum,  with  a  brass  rod,  at  Columbia  College  "  (the  old  site  in 
College  Place)  "  in  the  city  of  New  York,  in  the  latitude  of  40° 
42"  43'"  N.,  to  bear  to  the  pendulum  of  that  place,  vibrating  sec- 
onds in  a  vacuum,  at  the  temperature  of  melting  ice  the  propor- 
tions of  i,ooo,cxx)  to  1,086,141," 

Sec.  4.  "  The  standard  yard  thus  defined,  shall  be  measured  in 
a  straight  line  between  two  points  engraved  upon  golden  discs, 
inserted  into  a  straight  brass  rod ;  and  in  case  Ihe  same  shall  be 
lost,  or  otherwise  destroyed,  defaced,  or  injured,  it  shall  be  restored 
according  to  the  proportions  mentioned  in  the  preceding  section, 
under  the  direction  of  the  secretary  of  state,  as  sealer  of  weights 
and  measures." 

Sec.  J.  Prescribes  that  the  yard  shall  be  divided  into  three  feet 
of  twelve  inches  each,  and  for  cloth  measure  into  halves,  quarters, 
eighths,  and  sixteenths ;  section  20  provides  for  keeping  the  stand- 
ards in  a  chest  under  three  locks,  and  they  were  only  to  be  used 
for  comparisons  at  certain  stated  times ;  and  section  34  has  the 
same  regulations  regarding  surveyor's  evidence  as  contained  in 
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previous  statutes.  This  chapter  of  the  revised  statutes  was  repealed 
by  laws  of  1851,  ch.  134,  sec.  35. 

The  building  in  which  the  standards  were  kept  was  burned  April 
13,  1843,  and  as  they  were  considerably  injured,  an  act  was  passed 
the  next  year  (L.  1844,  ch.  70)  empowering  the  Secretary  of  State  to 
replace  them. 

The  present  law  of  the  State  of  New  York  governing  standards 
of  length  as  contained  in  Chapter  1^4  of  the  Laws  of  \%^i  is  as 
follows. 

Section  I.  "The  standard  weights  and  measures  now  in  charge 
of  the  Secretary  of  State,  being  the  same  that  were  furnished  to 
this  State  by  the  government  of  the  United  States,  in  accordance 
with  a  joint  resolution  of  Congress,  approved  June  14,  1836,  and 
consisting  of  one  standard  yard  measure  "  (sent  from  Washington, 
March  23,  1850),  etc., etc.,  "shall  be  the  standard  of  weight  and 
measure  throughout  this  State." 

Sec.  2.  "  The  unit  or  standard  measure  of  length  and  surbce 
from  which  all  other  measuresof  extension,  whether  they  be  lineal, 
superficial  or  solid,  shall  be  derived  and  ascertained,  shall  be  the 
standard  yard  designated  in  the  first  section  of  this  act." 

Sec.  3  provides  for  dividing  the  yard  into  3  feet  of  12  inches, 
and  also  into  halves,  quarters,  eighths  and  sixteenths  for  cloth 
measure;  section  4  establishes  the  rod,  pole  or  perch  at  5  J^  yards, 
the  mile  at  1760  yards,  and  the  chain  of  100  links  at  22  yards; 
section  5  establishes  the  acre,  to  be  "measured  horizontally"  at 
10  square  chains,  or  equivalent  to  a  rectangle  16  rods  long  by  lo- 
wide.  The  act  also  provides  for  the  appointment  of  a  si^erinten- 
dent  of  weights  and  measures  to  have  charge  of  the  standards  and 
provide,  compare  and  correct  the  various  county,  city  and  town 
standards  which  the  act  directs  to  be  procured. 

Sec.  33.  "No  surveyor  shall  give  evidence  in  any  cause  de- 
pending in  any  of  the  courts  of  the  State,  or  before  arbitrators,  re- 
specting the  survey  or  measurement  of  lands  which  he  may  have 
made,  unless  such  surveyor  shall  make  oath,  if  required,  that  the 
chain  or  measure  used  by  him  was  conformable  to  the  standards 
which  were  the  standards  of  the  State  at  the  time  such  survey  was 
made." 

It  is  thus  seen  that  there  have  been  a  multiplicity  of  standards, 
and  that  there  are  numerous  varieties  of  the  same  standard,  due, 
VOL.  XIV,— 14 
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for  the  most  part,  to  inaccurate  copying  from  the  original  stand- 
ard measure. 

The  practice  of  the  art  of  measuring  depends  not  only  on  the 
possession  of  an  accurately  standarded  measure,  but  even  to  a 
greater  extent  upon  the  manner  in  which  it  is  used,  and  the  accu- 
racy and  care  with  which  the  measure  is  applied  to  the  distance 
sought  to  be  measured.  The  apparent  inaccuracy  of  standard  in 
various  well-known  distances  is  probably  due  more  to  the  "per- 
sonal equations  "  of  the  surveyors  who  laid  them  out  than  to  any 
other  fact.  Steel  tapes  were  unknown  until  within  the  last  thirty 
or  forty  years;  the  chain  of  loo  heavy  wire  links,  by  being  con- 
stantly dragged  over  the  ground  and  through  the  woods,  and  by 
the  wearing  of  the  links  at  their  point  of  contact  undoubtedly  be- 
came somewhat  lengthened,  and  thus  the  distances  measured  were 
actually  longer  than  indicated  by  the  chain.  It  is  said  that  one  of 
the  old  surveyors  of  Albany  was  in  the  habit  of  measuring  with 
his  chain  to  the  point  of  his  elbow,  and  sticking  in  his  measuring 
pin  with  his  hand,  thus  adding  about  15  or  16  inches  to  each  66 
feet. 

John  McComb,  architect  of  the  New  York  city  hall,  and  after- 
wards street  commissioner,  some  time  about  1802  or  1803  had  a 
lo-foot  rod  made  of  Georgia  pine,  taken  from  the  old  Oswego 
market  which  stood  at  the  head  of  Maiden  lane,  shod  with  iron  at 
each  end,  which  he  used  in  laying  out  the  work  in  the  construc- 
tion of  the  city  hall.  He  probably  standarded  this  rod  as  best  he 
could  from  such  means  as  were  at  his  disposal.  This  rod  is  said 
to  have  been  the  foundation  of  the  "New  York  City  Standard," 
and  was  sometimes  called  the  "  Carpenter's  Standard,"  McComb 
erected  the  iron  tablet  in  the  left-hand  corridor  of  the  city  hall, 
and  on  it  laid  off  10  feet  in  "  English  measure"  and  "  Amsterdam 
measure,"  leaving  a  space  for  "  Federal  measure,"  which  was  never 
supplied.  By  rough  measurements  made  recently  the  10  feet 
"English  measure"  was  found  to  be  10  feet  and  .12  of  an  inch  U. 
S.,  equivalent  to  lo.oi  feet,  and  the  "  Amsterdam  measure  "  9  feet, 
5.15  inches,  equivalent  to  9.4291  feet,  Hassler's  determination 
giving  9.4196  feet. 

In  New  York  City  there  are  practically  two  standards.  The 
"down-town  "  standard,  used  in  laying  out  most  of  the  city  south 
of  Fourteenth  street,  except  the  old  Dutch  town  and  a  few  old 
farms,  which  is  about  I  %  inches  longer  in  100  feet  than  the  U.  S., 
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or  100.1042,  agreeing  very  closely  with  the  lo-foot  length  of  the 
city  hall  tablet;  and  the"  uptown  "  standard  used  by  Randall  in 
laying  out  Manhattan  island  above  Houston  street  according  to 
the  commissioner's  map  of  1807,  which  has  been  generally  con- 
sidered to  be  equivalent  to  the  U.  S.  standard,  although  on  very 
long  measurements  it  has  been  found  a  trifle  longer,  averaging 
about  .or/  of  a  foot,  or  less  than  %  of  an  inch,  in  100  feet.  The 
commissioner's  map  of  Morrisannia  was  laid  out  by  Findley,  who, 
in  order  to  give  "  good  measure,"  threw  into  each  block  enough  to 
make  his  standard  about  4  inches  longer  in  100  feet  than  the  U.  S. 
As  an  illustration  of  the  condition  of  affairs  found  in  many  lo- 
calities we  may  take  the  situation  as  now  existing  in  King's  County, 
New  York.  At  the  beginning  of  this  century  the  county  was  en- 
tirely an  agricultural  community,  consisting  of  farming  lands, 
meadows,  and  wood  lands,  with  a  few  small  villages.  No  ferms 
had  been  cut  up  into  lots,  nor  any  regular  system  of  streets  laid  out 
or  contemplated,  except  on  the  Sands  and  John  Jackson  estates, 
situated  approximately  between  Fulton,  Tiliary  and  Navy  streets, 
the  Navy  Yard  and  the  East  River,  Brooklyn.  This  tract  was  laid 
out  in  1788  by  Cassimer  Th.  Gcerck*  into  blocks  of  several  differ- 
ent lengths  and  widths ;  a  comparison  of  several  distances  would 
indicate  that  the  standard  used  bore  the  relation  of  about  36  to  36. 
134.  of  the  present  U.  S.  standard.  In  1805-6  the  Hicks  estate, 
in  the  neighborhood  of  Fulton  Ferry,  was  cut  up  into  building 
lots,  and  in  laying  out  the  blocks  300  feet  square  an  extra  allow- 
ance was  given  "  for  good  measure  "  of  about  i  foot  in  100.  The 
village  of  Brooklyn,  substantially  identical  with  the  present  First, 
Second,  Fourth  and  Fifth  wards,  was  incorporated  in  1816,  and  in 
1819  the  trustees  had  a  map  made  showing  the  streets  and  roads 
then  in  existence.  Prior  to  1834,  when  the  city  of  Brooklyn  was 
first  incorporated,  most  of  the  lands  included  within  the  old  vil- 
lage of  Brooklyn,  together  with  several  outlying  districts  covering 
most  of  the  present  Third,  Sixth,  Tenth  and  Eleventh  wards,  part 
of  Red  Hook,  and  the  lands  adjacent  to  Clinton  and  Washington 
avenues,  had  been  laid  out  into  blocks  and  lots  according  to  va- 
rious standards,  but  for  the  most  part  by  the  "  New  York  "  stan- 
dard. This  was  determined  by  Hassler  to  have  the  ratio  of  36 : 
36.01545  of  the  Troughton  scale,  which  was  subsequently  adopted 

•  Sliles,  Breatlyn,  I.,  p.  38a. 
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as  the  U.  S.  standard,  and  is  taken  by  some  surveyors  to  bear  the 
relation  of  36 ;  36.0288  of  the  U.  S.,  or  8  inches  longer  in  1000 
feet,  which  is  equivalent  to  36:36.0240,  The  district  between 
Third,  Fifth  and  Atlantic  avenues  and  Douglass  street  was  laid  out 
by  this  standard,  which,  in  a  distance  of  2000  feet,  gives  a  surplus 
at  Douglass  street  of  i  foot  and  6  inches,  which  is  deducted  from 
the  next  block  (making  the  lots  on  the  north  side  of  Degraw 
street  98  feet  and  6  inches  deep,  instead  of  lOo),  in  order  to  make 
the  distance  from  Atlantic  avenue  to  Degraw  street  correct  accord- 
ing to  the  U.  S.  standard. 

In  183s,  an  act  of  the  legislative  (ch,  132)  was  passed  appoint- 
ing commissioners  to  lay  out  the  City  of  Brooklyn  in  a  regular 
system  of  streets.  They  devised  a  plan  for  the  city,  adopting  such 
streets  as  had  been  previously  laid  out,  as  far  as  possible.  Under 
their  direction,  John  Stoddard  laid  out  and  monumented  the  entire 
original  city  of  Brooklyn  (which  comprised  the  old  town  of  Brook- 
lyn), outside  of  the  first  five  wards,  excepting  those  tracts  which 
had  previously  been  laid  out.  He  was  occupied  in  the  field  from 
1835  to  December3i,  1838.  He  procured  from  the  U.S.  govern- 
ment a  yard  scale,  from  which  he  had  ten  5-foot  steel  bars  con- 
structed with  which  he  standarded  his  chaiJis  and  measures.  It  is 
considered  that  Stoddard's  standard  was  identical  with  the  United 
States,  and  was  found  to  be  so  by  McElroy,  who  compared  the 
fifty  feet  of  Stoddard's  bars  with  the  standard  procured  for  the 
Town  Survey,  and  found  them  to  agree  within  a  hair-breadth.  In 
the  various  districts  where  streets  had  already  been  laid  out,  he 
generally  left  them  as-  they  were.  Many  anomalies  exist  on  these 
tracts ;  for  example,  there  is  a  surplus  of  about  four  feet  in  the 
length  of  Clinton  Avenue,  and  consequently  the  sections  on  the 
George  W.  Pine  map,  which  are  shown  as  100  feet  in  width,  are 
actually  about  100  feet  and  1  inch  by  the  U.  S.  standard ;  on  the 
Henry  L.  Clarke  tract,  in  the  22.A.  ward,  a  surplus  of  about  two 
inches  was  found  in  theblocks^  which  was- thrown  into  the  corner 
lots :  on  the  John  Skillman  &rm,  in  the  7th  ward,  which  was  laid 
out  from  Myrtle  Avenue  as  a  basis,  there  was  found  a  surplus  of 
three  or  four  feet  at  the  northerly  end,  which  was  put  into  the 
lots  of  irregular  depth  fronting  on  the  Wallabout  road,  and  oblit- 
erated by  the  cutting  off  of  these  lots  on  the  opening  of  Flushing 
Avenue. 

The  first  tract  laid  out  into  lots  in  the  Eastern  District  was  the 
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original  village  of  Williamsburg,  as  shown  by  the  maps  of  Loss, 
Bridges,  and  Poppleton,  dated  1802-6-9.  This  covered  a  pbrtion 
of  the  Francis  Titus  farm  near  Grand  Street  ferry.  The  lots  were 
of  somewhat  irregular  shape,  and  the  standard  used  seems  to  bear 
the  relation  of  about  36 :  36.03  of  the  U.  S.  In  1834,  and  the  fol- 
lowing years,  Daniel  Ewen  laid  out  the  original  chartered  village 
of  Williamsburg  into  streets,  according  to  a  system  shown  on  his 
assessmmt  maps,  adopting  the  streets  already  laid  out  on  the  old 
Williamsburg  tract,  the  John  Miller,  Holmes  Van  Mater,  and 
other  farms.  He  used  die  New  York  standard,  which  has  been 
found,  as  he  used  it,  to  be  about  1  inch  longer  in  lOO  feet  than  the 
U.  S.  A  few  years  later,  the  "  Additional  Bounds  "  of  Williams- 
burg were  laid  out  by  the  same  standard. 

The  town  of  Bushwick  was  laid  out  into  streets  in  accordance 
with  the  directions  c£  a  commission  appointed  by  chapter  296  of 
the  laws  of  1852,  although  several  farms,  particulariy  in  Green- 
point,  had  been  cut  up  into  blocks  and  lots  before  that  year,  mostly 
by  Ewen  and  Betts,  who  used  the  N.  Y.,  or  long  standard.  The 
northerly  or  Greenpoint  section  of  the  town  was  laid  out  by  Mor- 
gan Brothers,  who  used  a  standard  about  I J^  inches  longer  in  ioo 
feet  than  the  US..;  and  the  southerly  portion  by  Martin  G.  John- 
son, who  used  Ewen's  Williamsburg  standard,  i  inch  in  100  feet 
longer  than  the  U.  S.  Another  ratio,  given  by  a  good  authority, 
is  for  Greenpoint  100 :  100.0983,  and  for  the  rest  of  Bushwick 
100  :  ioao77S. 

A  large  part  of  the  town  of  New  Lots,  now  the  26th  ward  of 
Brooklyn,  was  laid  out  into  streets  according  to  a  system  origin- 
ated and  developed  Tjy  Martin  G.  Johnson.  He  used  a  standard 
determined  by  McElroy  to  be  as  36  :  36.0329  of  the  U.  S,,  a  line 
given  by  Johnson  as  5450  feet  having  been  found  to  be  5454.98  of 
the  U.  S.  standard.  This  is  the  relation  accepted  by  most  sur- 
veyors, although  one  excellent  authority  gives  it  as  36  :  36.0240, 
which  is  identical  with  the  New  York  standard  as  determined  by 
some  surveyors  in  the  older  parts  of  Brooklyn. 

In  1869  an  act  was  passed  (chapter  670)  appointing  the  super- 
visors a  commission  to  lay  out  all  the  county  towns  in  a  system 
of  streets,  conforming  to  the  streets  of  Brooklyn  as  far  as  prac- 
ticable. Under  this  act,  a  system  of  streets  and  avenues  was  de- 
vised, maps  prepared,  and  the  territory  surveyed  and  monumented 
by  Samuel  McElroy  &  Son,  who  procured  a  standard  from  the 
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U,  S.  Coast  Survey,  which  was  compared  with  Stoddard's  bars, 
with  the  result  already  mentioned.  In  the  districts  where  streets 
had  already  been  laid  out,  such  as  parts  of  Flatbush  village,  Fort 
Hamilton  village,  etc.,  the  Town  Survey  commission  accepted  the 
streets  as  existing.  The  exceptional  localities  present  many  dif- 
ferent varieties  of  standard.  In  Fort  Hamilton  village  the  standard 
used  was  about  i^  inches  (in  one  block  about  g  inches)  in  lOO 
feet  longer  than  the  U.  S. ;  and  in  Parkville  it  was  about  I  inch  in 
lOo  feet  too  long. 

For  purposes  of  comparison,  we  may  tabulate  some  of  these 
varying  standards  as  follows : 


' 

Ujj.hofVd 

L«nrl>rf'«>ft-inU.S. 

Sund'd  liu. 

Bnnd^td  feel  nod  iKcho. 

New  Vork   Slate  Standard  Yard,  as  deter-' 

mined  by  Hassler, 

36-<"S45 

tOO.043  =  1 

x.fi.|iin. 

New  York  SUle   Standard   Yard,   corrected, 

for  the  error  of  the  Trouehlon  scale 

36.01621 

100.045  =  ' 

»  ft.  Ji  in. 

New  York  Qly  "down-town"  standard 

36-0375 

oofti^iin. 

"              ••     -  up-lown  "  &Und.,  Randall j 
New  Vork  Standard  as  used  in  Old  Brooklyn.' 

36.0061 

100.017  =  ' 

S!!:tt::; 

36.0288 

100.080  =  1 

rbyanothcre«l<miite(+8ins.>nioooft.)' 

36,0240 

100.066+  = 

soft,  ji in. 

New  York  Standard  as  used  in  Old  Bn>okly«,i 

a*  indicated  by  Ihe  distance  from  Atlantic 

Ave.  to  Douglass  St.,  jooo  ft  —  loor  ft.  6, 

in.  U.S. 1 

36XM70 

I00.07S  =  1 

» ft.  i;  in. 

New  Vork  Standard  as  used  in  William>burg. 

by  Ewen  [+ 1  in  in  lOO  ft  ]     

36.0300 

ioao83-4-  = 

oo  tl.  I  in. 

New  York  Standard  »a  used  in  Greenpoini  by. 

Morgan  Bros.  [+IJ^  in.  inioo  ft.] 

36.045 

100.125  =  100  fi.i>iin.| 

New  Vork  SiandnrUnsu^ed  in  Grcenpointbyl 

Morgan  Bros.,  by  another  estimate 

36-0359 

100^0983  =  I 

ooft.lAin. 

New  York  Standard  as  used  in  Bushwick  by, 

Johnson  [id  estimate  mentioned], i 

36.0169 

100.077s  = 

oo».tii.. 

New  York  Stand.rd  as  used  it,  New  Lotts  by, 

Johnson,  [5450  =  5454.98  U.  S.l ' 

New  Vork  Standard  as  used  in  New  Lotts  by, 

36-o3»9 

ioao9i4=  1 

00  ft.  I A  in. 

Johnson,  by  another  estimate 

360240 

100.066+  = 

.»fl.!Jin. 

It  is, thus  perfectly  apparent  that  there  is  an  entire  absence  of 
uniformity,  and  that  if  the  measurements  of  land  in  Kings  county 
were  made  strictly  according  to  the  statutory  standard  great  dis- 
crepancies would  be  disclosed,  and  endless  litigation  result  there- 
from. From  the  use  of  various  standards,  and  the  errors  of  those 
surveyors  who  originally  laid  out  the  farms  into  blocks  and  lots, 
the  utmost  confusion  has  apparently  arisen,  so  that  it  has  come  to 
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be  the  practice  of  the  best  surveyors,  not  only  in  Brooklyn  and 
Kings  county,  but  also  in  New  York  and  other  places,  to  consider 
each  block  as  a  standard  for  itself,  and  taking  its  length  at  the 
regular"  statutory"  distance,  that  is,  asdelined  by  the  official  maps, 
no  matter  what  it  may  actually  measure,  to  make  their  surveys 
accordingly  and  distribute  the  surplus  (or  deficiency,  which  is 
rarely  found)  pro  rata  as  far  as  practicable,  sometimes,  however, 
modifying  their  distribution  according  to  the  lines  of  actual  posses- 
sion, as  indicated  by  buildings  of  several  years'  standing. 

It  remains  only  to  consider  the  legality  of  this  custom.  It  is 
clear  that  this  method  is  the  only  equitable  solution  of  the  diffi- 
culty, and  on  the  other  hand  we  have  the  statute  which  prescribes 
the  United  States  standard  as  the  only  legal  standard  to  be  used 
in  the  State,  and  the  only  one  permissible  in  the  decision  of  con- 
troverted questions  of  measurement  brought  before  the  cours. 
The  practical  consideration  of  the  question  in  individual  cases  will 
necessitate,' to  a  greater  or  lesser  extent,  the  examination  of  the 
title  to  the  land  on  the  block  involved.  If  the  original  owner  of 
the  block  caused  a  map  of  his  property  to  be  made,  and  Bled  in 
the  public  record  office,  showing  the  block  laid  out  into  lots  of 
which  the  aggregate  width  equalled  the  official  length  of  the  block 
and  sold  his  lots  according  to  this  map  he  would  be  estopped  from 
setting  up  any  claim  to  any  surplus  that  might  be  actually  found 
to  exist  in  the  total  length  of  the  block  ;  and  the  same  might  pro- 
bably be  said  of  any  owner  who  sold  according  to  any  actual  map 
or  plan,  although  not  filed,  which  recognized  the  official  length  in 
contradistinction  to  the  actual.  And  all  subsequent  grantors 
using  the  description  by  lot  numbers  would  be  equally  estopped, 
it  being  the  undoubted  intention  in  referring  to  the  map  to  desig- 
nate a  parcel  of  land  of  proportional  size  to  the  whole  block  which 
the  map  indicated,  irrespective  of  the  actual  dimensions. 

A  more  serious  difficulty  would  arise  when  a  grantor  who  had 
purchased  his  land  by  a  description  referring  to  the  map,  conveys 
by  a  new  description  omitting  any  mention  of  the  map.  Must  we 
then  apply  the  official  legal  standard,  or  shall  we  adhere  to  the 
local  standard  of  the  particular  block  ?  Regarding  this  question 
the  case  of  Meyer  vs.  Bond,  51  Hun.,  291,  is  directly  in  point. 
This  was  a  suit  for  specific  performance  of  a  contract  of  sale  and 
purchase  of  a  lot  on  the  southerly  side  of  Eighty-first  street  in 
New  York  city,  described  as  beginning    125  feet  east  of  Third 
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avenue,  and  being  25  feet  wide.  The  vendee  refused  to  complete 
his  purchase,  contending,  that,  as  a  survey  showed  that  the  lot  was 
1 27  feet  and  i  inch  cast  of  Third  avenue,  and  25  feet  and  5  inches 
wide,  the  vendor  could  not  carry  out  his  contract.  This  discrep- 
ancy arose  from  the  fact  that  on  the  map  of  the  Harlem  Commons, 
on  which  this  property  was  designated  as  lot  number  34,  there  was 
an  error  in  calling  the  blocks  between  Second  and  Third  avenues 
600  feet,  when,  as  a  matter  of  fact,  they  were  actually  610  feet. 
The  testimony  of  Mr.  Ewen,  a  surveyor,  was  produced,  showing 
"  that  at  different  times  the  owners,  to  adjust  the  surplus  of  10  feet 
in  the  length  of  the  block,  had  directed  him  to  locate  them  by 
making  a  distribution  of  them  pro  rata  over  the  entire  front  of  the 
block,  which  gave  a  surplus  of  finches  to  every  25  feet;"  and 
furthermore  that  many  of  the  owners  had  acquiesced  in  this  dis- 
tribution either  by  erecting  buildings  on  the  readjusted  lots  or  by 
conveying  their  property  by  properly  corrected  descriptions.  In 
view  of  these  facts  the  court  decided  that  the  discrepancy  in  the 
distances  was  no  objection  to  the  title,  no  damage  resulting  thereby, 
as  "each  owner  is  protected  by  the  readjustment  which  controls 
and  overcomes  the  original  error,  and  subjects  it  to  natural  dis- 
tances and  establishes  monuments." 

We  are  thus  brought  to  the  conclusion  that  where  there  has 
been  actual  possession  for  the  statutory  period  of  limitation,  or 
acquiescence  by  owners  in  the  distribution  of  the  surplus,  it  is 
binding  on  all,  although  the  distances  given  in  the  conveyances 
do  not  accurately  define  the  locus  of  the  premises  according  to  the 
statutory  standard. 

When  we  come  to  consider  the  cases  of  conveyances  of  property 
where  no  map  was  originally  used,  serious  doubt  may  arise  as  to 
whether  we  are  justified  in  making  a  pro  rata  distribution  of  a  sur- 
plus. A  grantor  owning  a  whole  block,  by  conveying  from  each 
end,  using  ordinary  descriptions  by  distances,  and  not  referring  to 
a  map,  would  undoubtedly  retain  title  to  the  surplus  land  left 
where  his  conveyances  did  not  meet.  He  might  lose  this,  how- 
ever, by  the  running  of  adverse  possession  against  him,  and  when 
the  property  came  to  be  built  up  the  walls  of  the  houses  would 
constitute  established  monuments  which  would  govern  (Muhlker 
vs.  Rupport,  124  N.  Y.,  627).  But  in  the  case  of  vacant  unim- 
proved property  this  might  raise  a  serious  question. 

There  is  only  one  other  thing  to  be  said,  which  is,  that  the  acts 
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of  the  various  commissions,  appointed  to  lay  out  streets  in  cities, 
might,  under  some  views,  be  considered  conclusive  and  their 
designation  of  a  certain  block  as  of  a  certain  length  final.  The 
act  of  1835  (chap.  132)  for  laying  out  the  first  city  of  Brooklyn 
(outside  of  the  first  five  wards]  distinctly  prescribes  that  "  the  maps 
plans  and  surveys  of  the  said  commissioners,  so  to  be  made  by 
them,  or  any  two  (2)  of  them  as  aforesaid,  shall  be  final  and  conclu- 
sive, as  well  in  respect  to  the  said  mayor  and  common  council  as  in 
respect  to  the  owners  and  occupants  of  the  lands,  tenements  and 
hereditaments  within  the  said  sixth,  seventh,  eighth  and  ninth  wards 
of  the  said  city,  and  in  respect  to  all  other  persons  whomsoever." 
Monuments  are  placed  to  designate  the  streets  shown  on  these 
commissioners'  maps,  and  it  might  possibly  be  held  that  grantors  in 
bounding  on  these  streets,  by  implication,  referred  to  these  monu- 
ments, and  thereby  accepted  them  as  defining  the  distances  which 
the  map  indicates. 

It  would  seem  that  in  view  of  the  difficulties  in  the  case,  and 
the  eminent  fairness  of  this  custom  of  surveyors,  that  it  would  be 
upheld  by  the  courts,  particularly  in  cases  where  no  damage  results 
to  any  one,  as  is  almost  invariably  the  fact ;  but,  from  the  paucity 
of  adjudicated  cases  in  the  higher  courts  the  question  remains  an 
unsettled  one,  which  must  be  considered  in  each  individual  case  in 
the  light  of  the  particular  circumstances  entering  into  it. 


AN  IMPROVED  METHOD  FOR  THE  SEPARATION 

QUALITATIVELY,  OF  Hg,  Pb,  Cu,  Cd.  Bi,  As, 

Sb,  AND  Sn  FROM  THEIR  MIXED 

SULPHIDES. 

By  ALEXANDER  R.  CUSHMAN,  Ph.D. 
The  necessity  for  a  modification  of  the  ordinary  scheme  in  use 
for  the  qualitative  analysis  of  the  fiilh  and  sixth  groups,  according' 
to  Fresenius's  arrangement  of  the  metals,  has  led  me  to  propose 
the  following  as  very  satisfactory  in  its  results.  Yellow  ammonium 
sulphide  (NH()jS,,  converts  the  mixed  sulphides  of  mercury  and 
tin  into  a  compound  containing  both  of  these  metals,  and  which 
is  readily  soluble  in  water.  The  digestion  with  this  reagent,  which 
is  necessary  in  the  usual  method  of  separation  of  the  fidh  and  sixth 
groups,  obviously  introduces  a  complication  which  I  have  sought 
to  remove. 
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In  the  method  proposed,  the  usual  precipitation  of  silver,  mer- 
curous  salts  and  lead  by  means  of  hydrochloric  acid  is  assumed  to 
have  been  made,  and  the  filtrate,  now  acid,  is  treated  with  H,S 
gas  in  order  to  precipitate  the  sulphides  of  the  fifth  and  sixth 
groups.  The  mixed  sulphides  are  now  warmed  with  (NH4),S,, 
and  after  digestion,  are  filtered  through  a  dry  filter.  The  residue 
is  then  washed  with  a  lo  per  cent,  solution  of  NH4N0(.  which 
removes  the  excess  of  (NH^^jS,,  but  is  without  effect  upon  the 
soluble  compound  of  sulphides  of  tin  and  mercury  contained  in 
the  residue.  This  residue  is  now  treated  with  moderately  dilute 
HNO„  with  the  application  of  a  gentle  heat,  filtered  and  washed. 
The  metals  of  the  fifth  group,  with  the  exception  of  Hg,  will  be 
found  in  the  filtrate,  while  in  the  residue  there  are  contained  HgS 
and  metastannic  acid. 

This  residue  is  finally  treated  with  aqua  regia  to  dissolve  the 
HgS,  and  the  remaining  metastannic  acid  may  be  filtered  olT  and 
tested  on  charcoal  by  moistening  with  cobalt  nitrate  and  ignition 
in  the  outer  blowpipe  flame.  The  appearance  of  the  characteristic 
bluish-green  color  proves  tin.  Or,  the  metastannic  acid  may  be 
reduced  to  metallic  tin  by  means  of  zinc  and  platinum,  then  dis- 
solved in  HCl  and  tested  with  HgCl,. 

A  portion  of  the  tin  will  also  be  found  in  the  solution  of  the 
sixth  group  sulphides  in  (NHj}jS„  and  is  there  to  be  separated  in 
the  usual  manner. 


SCHEME  FOR  THE  SEPARATION  OF  Al,  Cr,  Ti. 
Co,  Ni.  Zn,  Mn,  Fe. 

By  J.  S.  C.  WELLS,  Ph.D. 

In  the  method  commonly  used  for  the  separation  of  the  above 
metals  by  means  of  potassium  or  sodium  hydrates,  the  presence 
of  zinc  or  chromium  in  the  same  solution  very  greatly  complicates 
the  analysis,  owing  to  the  fact  that  these  substances  precipitate 
each  other  in  alkaline  solution.  The  scheme  given  below  avoids 
this  difficulty  and  is  rapid  and  accurate. 

To  the  solution  of  the  metals  add  NH,CI  in  moderate  quantity, 
then  NHjOH  until  solution  becomes  slightly  alkaline,  and  finally 
(NH«)^  until  solution  smells  distinctly  of  that  reagent;  stir  well 
and  heat  gently  for  some  time,  filter  and  wash  precipitate. 
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Filmlt  1". 

Pr«Ipitit=  .". 

Conlain<    Ihe    alkalies   and 
klkaline  earths. 

Treat  with  cold  dilnie  HCI  (sp.  gr  i.oa)  in  moderate 
excess;  filter  and  wash  residue  thoroughly. 

Raiduc.    |CoS.  aocl  MS.| 

r,lu.„^. 

Test  in  borax  bead, 

Bine  bead  =  Co. 
Brown  bead  =  Ni. 
If  Co  is  fonnd  to  be  present,  treat  the 
-residue  of  sulphide  as  follows  ; 

Place  in  a  small  evaporaling  dish,  add 

to  dryness ;   dilote  with  a  little  water ; 
filler  if  jiecessary ;  nearly  neulraliie  the 
solution  with  KOK ;  add  KCy  in  moder- 
ate excess  \  make  strongly  alkaline  with 
KOH,  and  add  Br,  and  warm,  taking 
care  to  keep  solution  strongly  alkaline. 

Filter,    and    wash    precipitate    thor- 
oughly with  boiling  water. 

Evaporate  nearly  to  dryness  lo  expel 
H,S  and  the  excess  of  HCl ;  dilute  with 
a  little  water;  filter,  if  necessary,  from 
any  separated  sulphur*  ;  add  strong  so- 
lution of  KOH  in  consMerable  excess. 
and  then  a  few  drops  of  bromine  ;  (it  is 
belter  lo  use  pnre   bromine  rather  than 
bromine  water) ;  heat  gently  for  a  few 
minutes,  filter,  and  wash  precipitate  with 
boiling  water. 

Flilr-te. 

(Ni.(OHC  B1«fc. 

IV-j 

Cobalt   may  be  deter- 
mined in  this  solution.  If 
necessary,    by  acidifying 
with    HNOa    and    then 
adding  fHB),(NO.),;  fil- 
ter and  ignite  the  precip- 
itate, and  test  resr<lue  in 
borai  bead  ;  blue  —  Co. 

Test  a  portion  in  Nay 
CO.;  bead    in   oxidizing 
flame,  green  bead  -  Mn. 
Dissolve  some  of  the  pre- 
cipitate  in    HCl ;    test  a 
portion  of  this  with  NH,- 
CyS  for  iron.  Red  color= 

solution  with  Zn  or  Sn  — 
violet  color  —  Ti. 

Test  in  borax  bead  — 
browR  bead  =  Ni. 

Divide  solution  into  three  parts. 

■0. 

»».                                    i>. 

Puss  H^  gas  into  the 
solution   [not   to   salura- 
ration)  —  a  while  precipi- 
tate, insoluble  in  KOH  = 
ZnS. 

Acidify  with  HCl,  then         Acidify  with  acetic  acid 
make   very   faintly   alka-  r  and  add  a  few  drops  of 
line   with  NH.OH  —  a     plumbic  acetate  —  yellow 
white  flocculent  piecipi-  !  precipitate  =  PbCrO,  = 
tate  =  Al,(OHV                |  Cr. 

*  If  the  color  of  the  solution  at  this  point  does  not  indicate  the  presence  of  chro- 
mium, the  treatment  with  bromine  may  be  omitted,  but  in  this  case  iron,  if  present, 
must  be  oxidized  by  boiling  the  solution  with  a  little  HNO,  before  the  addition  of  the 
KOH. 

A  solution  containing  one  part  of  chromium  in  ten  thousand  of  water  shows  a  dis- 
tinct bluish  green  color,  conseiguently  a  colorless  solution  could  not  contain  more  than 
a  trace  of  that  metal 
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A  general  view  of  the  reactions  taking  place  in  the  scheme  just 
given  is  shown  tn  the  following  table,  assuming  all  the  metals  to 
be  present  as  chlorides : 


5. 
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THE  ASSAY  OF  LOW-GRADE  IMPURE  TIN  ORE. 
Bv  ROBERT  PEELE,  JR. 

The  determination  of  tin  by  fire  assay  is  a  simple  and  fairly 
accurate  process,  provided  the  ore  is  pure  or  nearly  so;  that  is, 
when  the  bulk  of  the  material  is  oxide  of  tin,  with  only  a  small 
percentage  of  gangue.  But  with  low-grade  ores  no  direct  method 
will  serve.  It  is  well  known  that  a  crucible  charge,  with  ore  con- 
taining only  a  few  per  cent,  of  tin,  will  often  give  no  button  at  all. 
In  general,  it  may  be  said  that  the  fire  assay  on  duplicate  samples  of 
ores  carrying  as  high  as  even  15  or  20  per  cent,  of  tin,  with  a  gangue 
composed  of  quarts,  oxide  of  iron  and  other  impurities,  may  give 
widely  conllicting  results.  Even  with  pure  silica  tin  forms  com- 
pounds which  go  into  the  slag. 

It  is  evident,  then,  that  upon  the  proper  preparation  of  the  sample 
will  depend  largely  the  accuracy  of  the  assay. 

Something  over  a  year  ago  the  writer  had  occasion  to  assay  a 
large  number  of  samples  of  tin  ore,  and,  with  the  help  of  the  text- 
books, and  a  number  of  failures  at  first,  arrived  at  the  following 
method  of  procedure.  There  is  nothing  novel  in  any  part  of  it, 
but  it  is  thought  that  a  detailed  description  of  the  manipulation 
of  poor  tin  ores  will  not  be  amiss. 

In  the  particular  case  referred  to  the  composition  of  the  ores 
was  the  following: 

1.  Gray  cassiterite,  intimately  associated  with  quartz  and  oxide 
of  iron,  with,  possibly,  other  impurities  in  small  amounts.  Per- 
centage of  metallic  tin,  from  one-half  of  i  per  cent,  to  I S  per  cent. 

2.  Iron  pyrites,  carrying  from  2  to  S  per  cent,  metallic  tin.  This 
was  roasted  and  treated  the  same  as  the  oxidized  ores. 

The  preparation  of  the  samples  is  as  follows: 

Take  samples  of  from  50  to  200  grammes  (depending  upon  the 
probable  content  of  tin),  and  pass  through  a  60-mesh  sieve.  Wash 
very  carefully  in  a  small  gold  pan  or  in  a  "  horn  spoon,"  merely  to 
float  off  the  lighter  and  finer  particles  of  gangue  and  iron  oxide. 
Do  not  attempt  to  concentrate  down  the  sands,  or  tin  will  be  lost. 

Dry  the  residue,  which  may  weigh  one-half  or  two-thirds  of  the 
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original  sample,  and  then  grind  again  in  a  porcelain  mortar  as  line 
as  possible— say,  to  100  mesh — in  order  to  liberate  all  the  tin  oxide 
from  the  gangue.  Treat  the  finely-ground  sample  in  a  flask  or 
casserole  with  a  mixture  of  one-fourth  nitric  and  three-fourths 
hydrochloric  acid.  Gently  heat  with  frequent  stirring,  and  then 
evaporate  down  until  the  mixture  thickens  and  begins  to  show 
signs  of  sticking  to.  the  bottom  of  the  vessel.  Fill  with  water, 
running  ofT  the  fine  disintegrated  portion  of  the  ore  into  a  beaker. 
Allow  the  contents  of  the  beaker  to  settle  a  few  moments,  and 
decant  the  muddy  water  carefully,  so  as  not  to  lose  any  of  the  fine 
tin  possibly  remaining  in  the  bottom.  Add  the  residue  from  the 
beaker  to  the  residue  from  the  acids,  and  treat  again  with  acid  as 
before.  This  may  have  to  be  repeated  a  third  or  even  a  fourth 
time. 

Finally,  after  the  last  washing  in  the  casserole,  nothing  will 
remain  except  tin  oxide  (whitish  or  grayish  in  color),  with  nearly 
pure  white  silica. 

Take  this  residue  and  wash  very  carefully  to  separate  the  silica. 
This  is  so  much  lighter  than  the  tin  that  it  may  be  removed  with- 
out difficulty.  In  doing  it  the  writer  used  a  small  wooden  batea, 
or  conical  dish,  with  a  well-smoothed  surface. 

By  collecting  the  material  in  the  point  of  the  cone  with  a  little 
water,  and  giving  the  batea  a  gentle  rotary  motion,  the  silica  gathers 
on  tpp  of  the  tin  oxide.  Then,  by  a  slight  movement  of  the  batea, 
the  silica  is  thrown  ofl^  to  one  side,  and  a  part,  at  a  safe  distance 
from  the  tin,  is  washed  frcm  the  batea.  This  is  repeated  until  the 
tin  oxide  is  nearly  pure. 

With  careful  handling,  loss  of  any  appreciable  amount  of  tin 
in  this  washing  is  easily  avoided,  on  account  of  the  difference  in 
color  and  specific  gravity. 

Dry  the  residue,  which  is  now  ready  for  the  fire  assay.  For 
nearly  pure  cassiterite  potassium  cyanide  makes  an  excellent  flux. 

Put  a  few  grammes  of  powdered  cyanide  in  the  bottom  of  a  small 
French  crucible  that  will  go  into  the  muffle,  and  make  up  the 
charge  by  mixing  the  ore  with  three  or  four  times  its  own  weight 
of  cyanide,  covering  with  salt.  The  amount  of  tin  oxide  in  the 
charge  wilt,  of  course,  depend  upon  the  richness  of  the  original 
ore;  from  5  to  lO  grammes  are  sufficient. 

Fuse  in  the  muffle  with  a  hot  fire,  to  to  15  minutes,  until  there 
is  no  ebullition,  and  tap  the  crucible  on  withdrawing  it,  to  settle 


ovGoot^lc 


2i8  THE  QUARTERLY. 

and  collect  the  button.  After  cooling,  break  the  crucible,  and  put 
the  whole  into  a  beaker  of  warm  water.  In  1 5  or  20  minutes  all 
the  cyanide  slag  will  be  dissolved  out,  and  any  small  scattered 
buttons  of  tin  are  thus  recovered.  Remove  from  the  beaker  the 
pieces  of  the  crucible,  and  wash  oR*  by  decantation  the  flocculent 
matter  remaining  in  suspension,  leaving  the  tin  button  to  be  dried 
and  weighed. 

The  process  is  rather  long  and  tedious,  but  it  will  be  found  sat- 
isfactory, as  it  reduces,  the  chances  of  loss,  which  would  result 
from  a  closer  washing  of  the  ore  at  the  beginning  of  the  prepa- 
ration. 

It  also  possesses  the  advantage  of  being  applicable  to  the  poor- 
est as  well  as  the  richest  ores.  t 

With  some  ores,  consisting  of  nothing  but  quartz  and  cassiter* 
ite,  the  preliminary  concentration  by  washing  may  be  carried  far 
enough  to  yield  a  product  sufficiently  pure  to  assay  directly  with* 
out  treatment  by  the  acids. 

But  if  the  ore  is  very  poor,  a  close  washing  will  be  attended  by 
considerable  loss,  and  hence  the  advantage  of  using  the  acids  in 
nearly  every  case.  If  iron  and  other  impurities  are  present,  the 
first  washing  should  be  limited  as  indicated  in  the  description. 


PRESENT  CONDITION  OF  THE   MECHANICAL 

PREPARATION  OF  ORES  IN  SAXONY, 

HARTZ,  AND  RHENISH  PRUSSIA.* 

Bv  M.  MAURICE  BELLOM,  ENGINEER  IN  THE  FRENCH  GOVERNMENT 
MINING  CORPS. 

The  study  of  the  mechanical  preparation  of  ores  in  Saxony, 
Hartz,  and  Rhenish  Prussia,  is  not,  as  would  be  supposed  at  first 
sight,  hetrogeneous  and  composed  of  three  distinct  parts,  brought 
together  solely  by  the  unity  of  the  subject.  On  the  contrary, 
it  consists  of  a  whole,  the  three  elements  of  which  mutually  com- 
plement each  other.  Saxony  possesses,  in  fact,  relatively  crude 
plants  only,  but  the  methods  practiced  there  are  studied  with 
minute  care  down  to  the  smallest  details,  and  no  change  is  intro- 

•  Annalti  dei  Mines,  1891,  vol.  >x,,  p,  I. 
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duced  without  having  been  made  previously  the  subject  of  care- 
ful and  repeated  experiments,  the  results  of  which  tend  to  make 
good  the  crudity  of  the  apparatus  by  perfection  of  treatment.  The 
Hartz,  ahhough  not  furnishing  such  carefully  digested  schemes  of 
treatment,  is  nevertheless  characterized  by  the  endeavor,  which  is 
pursued  with  perseverance,  and  not  without  success,  to  make 
good  the  increasing  poverty  of  the  shmes  obtained  in  the  course 
of  mechanical  preparation  by  more  perfect  concentration.  Rhen- 
ish Prussia,  where  the  series  of  operations  is  far  from  being  as 
elaborate  as  in  the  preceding  regions,  contains  dressing- works  of 
a  size  and  convenience  nowhere  met  with  either  in  Hartz  or 
Saxony. 

There  is,  then,  in  this  subject,  the  elements  of  which  comple- 
ment each  other,  a  real  unity  of  interest,  which  seems  to  justify  the 
study  I  have  seen  fit  to  give  it  in  the  course  of  a  tour  of  inspection 
in  1889. 

The  present  paper  consists  of  two  parts.  The  first  is  given  to 
the  general  study  of  the  successive  operations  of  treatment  accom- 
panied by  a  description  of  the  most  recent  forms  of  apparatus  and 
their  application  under  different  conditions  in  practice.  The  gen- 
eral arrangement  of  the  dressing- works  will  likewise  be  made  the 
subject  of  special  discussion. 

The  second  part  is  devoted  to  the  description  of  establishments 
which  seem  to  merit  a  special  mention,  by  reason  of  their  form  of 
treatment  or  equipment. 

This  order  is  in  reality  the  reverse  of  that  which  should  be  fol- 
lowed in  the  study  of  the  dressing-works  on  the  spot,  but  it  is  the 
one  which  best  lends  itself  to  a  description  of  such  complex  pro- 
cesses, for  which  a  logical  exposition  of  the  operations  presents 
an  interest  far  superior  to  the  chronological  order  in  which  the 
data  have  been  collected. 

I. — Hand  Dressing, 

a.  Method  of  Treatment. — The  operation  of  hand  dressing, 
which  immediately  follows  the  separation  of  coarse  and  fine  ore 
by  screens,  would  seem  at  first  sight  too  simple  to  require  any- 
thing but  a  casual  notice.  Such  a  judgment  would  be  singularly 
erroneous.  And,  in  fact,  in  a  country  like  Germany,  where  habits 
of  discipline  secure  on  the  part  of  the  workman  an  attention  and 
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care  difficult  to  realize  without  having  seen,  hand-labor  produces 
remarkably  perfect  results. 

Indeed,  the  Saxon  engineers  at  one  time  tried  to  substitute  for 
it  breaking  in  a  mechanical  crusher,  but  quickly  returned  to  the 
use  of  hand  labor  after  having,  according  to  the  traditions  of  pre- 
cision which  is  the  essential  characteristic  of  their  method  of  treat- 
ment, verified  by  statistics  the  practical  results  of  the  experiments 
whichthey  had  made. 

These  are  summed  up  in  the  following  table: 


Utlngajaw-    |     Practice  of 


Gal«ru 

Ore  fortherolU 

Ore  for  cobbing 

Ore  for  the  stamps 

Copper  pyrites 

Iron  pyrites 

Mispickel , 

Blende 

Waste 


0.0024 
19836 
17.976 
15.268 
1.488 
3869 
0496 
0.0446 


9.140 
19.S80 

4560 


ini 


+    0.3*76 

—  7  53* 
-18736 

—  S.688 
■I-   3-073 

—  3169 

—  0.006 
+  0.0554 
+  3I-661 


It  is  seen  that  picking  which  immediately  follows  mechanical 
crushing  can  separate  only  1 1.019  parts  in  loo  of  waste  from  the 
total  mass  coming  from  the  mine,  whereas  the  practice  of  breaking 
by  hand  takes  out  as  much  as  42.680  parts  in  100.  The  immediate 
result  of  this  difference  was  to  throw  an  excess  of  31.661  parts  in 
100  of  waste  products  into  the  series  of  operations  of  mechanical 
preparation.  On  the  other  hand,  the  separation  of  galena  became 
nearly  useless  after  passing  through  the  crusher,  whereas  that  of 
blende,  the  presence  of  which  singularly  complicated  the  treat- 
ment, was  reduced  in  the  neighborhood  of  one-half.  So  that 
instead  of  sending  to  mechanical  treatment  51.12  parts  in  100 
of  the  total  mass  extracted  from  the  mine,  in  the  case  of  a 
jaw  crusher  83.08  parts  in  loo  of  this  same  mass  must  be  so 
treated;  in  other  words,  an  excess  of  31.0  parts  in  lOo.  The 
expenses  naturally  differ  in  proportion  to  these  differences  in  pro- 
duct J    the  total  cost  per  cubic  meter  of  ore  from  cobbing,  which 
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does  not  exceed  8.5 1  f.  in  the  case  of  hand  labor,  goes  as  high  as 
14.10  f.  when  the  jaw  crusher  is  employed,  which  constitutes  an 
increase  of  39.73  f,  p.  lOO,  At  the  same  time  the  quality  of  the 
product  was  far  from  bettered,  and  its  value  was  diminished  to 
such  a  degree  that  the  rough  product  of  a  cubic  meter  of  ore  from 
the  cobbing  dropped  from  8640  f.  to  72.18  f.,  reducing  the  net 
profit  per  cubic  meter  from  75.39  f.  to  57.06  f.  These  results 
naturally  led  to  the  abandonment  of  mechanical  crushing. 

The  hand  dressing  done  at  the  surface  is  at  times  preceded 
by  a  rough  picking  at  the  bottom  of  the  mine,  which  presents 
some  real  advantages  notwithstanding  the  unfavorable  conditions 
which  surround  it.  These  advantages  have  been  verified  in  the 
Saxon  dressing-works  at  Himmelsfurst,  where  it  has  been  found 
that  the  proportion  of  rich  ore  separated  by  haad  at  the  surface 
has  increased  notably  in  the  course  of  several  years,  a  result  which 
could  be  attributed  only  to  the  great  care  with  which  the  work- 
men at  the  bottom  picked  the  ore,  for  the  composition  of  the  ore 
has  not  varied. 

Without  devoting  themselves  to  such  precise  experiments  as  the 
Saxon  engineers,  the  directors  of  the  Rhenish  works  have  been 
guided  by  the  same  principles,  especially  in  the  mine  at  Friedrichs- 
segen,  the  washing  house  ot  which  will  be  described  in  detail  in 
the  second  part  of  this  paper.  The  subterranean  working  has  been 
so  organized  as  to  allow  the  picking  to  be  carried  on  upon  a  large 
scale.  Here  each  stope  is  provided  with  two  chutes, by  which  the 
mined  product  is  carried  to  the  gaigway ;  a  screen  with  apertures 
two  inches  square  is  placed  at  the  upper  -end  of  one  of  these 
chutes  and  the  refuse  of  the  screen  is  thrown  down  the  other, 
together  with  any  large  pieces  separated.  Fragments  containing 
only  one  of  the  four  elements  (galena,  blende,  spathic  iron-ore, 
and  copper-ore)  which  constitute  the  filling  of  the  vein  are  also 
separated  and  so  a  first  classification  is  obtained,  the  satisbctory 
execution  of  which  is  assured  by  a  premium  allowed  to  these 
workmen.  These  premiums  run  as  high  as  ^65  f.  per  car  of 
spathic  ore,  and  1.25  f  per  car  of  blende,  galena  or -copper  ore. 

Hand  dressing  done  at  the  surface  comprises  three  essential 
operations,  the  development  of  which  differ  according  to  the  prac- 
tice of  the  works ;  these  operations  are :  i .  Spalling.  2.  Cobbing, 
3.  Hand  picking. 

I.  Spoiling  consists  in  breaking,  by  aid  of  heavy  hammers,  the 
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larger  pieces  previously  separated,  by  means  of  a  screen,  from  the 
mass  of  the  output.  It  can  be  dispensed  with  in  the  case  of  poor 
and  relatively  simple  ores.  In  the  Hartz  proper  certain  ores  re- 
quire a  very  elaborate  spalling. 

Thus  the  presence  of  blende  at  Lauthental  has  led  to  the  adop- 
tion of  a  spalling  so  minute  as  to  be  considered  a  preliminarj' 
cobbing.  On  the  other  hand,  the  study  of  the  forms  of  treatment 
of  certain  complex  ores,  such  as  that  at  Churprinz  (Saxony),  seem 
to  furnish  cases  in  which  spalling  does  not  enter  at  all.  But 
the  suppression  of  this  operation  is  more  apparent  than  real.  It 
is  really  only  the  consequence  of  a  ccmsiderable  extension  here 
given  to  the  picking  at  the  bottom.  Elsewhere,  as  at  Himmels- 
furst  (Saxony),  spalling  is  found  to  be  included  in  the  cobbing 
whose  province  is  thus  considerably  extended. 

2.  Cobbing  is  nothing  more  than  a  very  careful  breaking.  It 
throws  out  of  the  mechanical  process  proper  a  mass  of  ore  which 
in  the  works  of  Gesegnete  Bergmanns  Hoffnung  (Saxony),  goes 
as  high  as  25  parts  in  loo.  The  success  of  the  operation  is, 
moreover,  intimately  connected  with  the  mode  of  determination 
and  with  the  number  of  classes  it  is  necessary  to  make.  The 
best  mode  for  determining  these  classes  is  that  which  depends 
upon  exact  chemical  analyses  combined  with  mineralogical  char- 
acteristics so  simple  that  the  cobber  may  easily  recognize  the 
pieces  which  he  must  separate.  From  this  double  point  of  view, 
the  works  at  Himmelfahrt  (Saxony),  may  be  cited  as  a  model. 
The  number  of  classes  must  not  be  exaggerated;  the  tendency 
should  be  to  constantly  reduce  them.  Thus  in  the  practice  at 
Ems,  where,  twenty  years  ago,  twenty-four  species  of  product  were 
distinguished,  they  are  at  present  satisfied  with  sixteen  categories, 
the  minimum  number  which  the  complexity  of  the  Ems  ore  will 
allow.  A  practice  to  be  recommended  in  the  work  of  cobbing  is 
to  divide  it  into  several  analogous  but  distinct  operations,  the  first 
of  which,  applied  to  the  less  pure  ore,  is  carried  on  by  less  expe- 
rienced workmen,  while  the  last,  to  which  the  sorted  ore  is  sent, 
is  intrusted  to  the  most  experienced  cobbers.  This  system  has 
been  applied  at  Friedrichssegen.  A  first  cobbing  at  that  place 
gives : 

1.  Finished  products. 

2.  Intermediate  products  to  be  submitted  to  a  second  cobbing. 

3.  Intermediate  products  to  be  crushed  in  jaw-crusher.     The 
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crushed  intermediate  products  arc   submitted  in   turn  to  a  new 
cobbing,  which  gives : 

1.  Finished  products. 

2.  Intermediate  products  to  be  submitted  to  another  cobbing. 
The  products  of  the  second  class  obtained  in  the  two  preceding 

operations  are  submitted  to  a  careful  cobbing  at  the  hands  of  very 
skilful  workmen  and  in  places  set  apart  for  this  work, 

3.  Hand  picking  is  a  separation  by  hand  withiut  breaking  the 
pieces,  and  is  applied  in  Saxony  only  to  the  products  coming  from 
cleansing  drums.  Extended  in  the  Hartz  to  products  already 
treated  in  intermittent  jigs,  it  has  lately  been  applied  to  the  mate- 
rial from  continuous  jigs  and  also  from  filtering  jigs,  these  last 
b«ng  used,  as  we  shall  see  later  on,  for  ore  coarser  than  fourteen 
millimetres  at  Steinenbruck.  Here  is,  then,  a  progressive  intro- 
duction to  hand-work  in  the  operation  of  mechanical  jigging,  an 
introduction  so  much  the  more  interesting  as  pointing  out  that  the 
substitution  of  continuous  and  filtering  jigs  for  the  old  intermittent 
jigs  seems  to  show  a  growing  tendency  to  the  use  of  machines. 

These  three  elements  of  spalling,  cobbing,  and  hand  picking 
admit  of  association  in  different  ways  and  combinations  between 
themselves  with  a  facility  which  is  one  of  their  principal  advan- 
tages. The  passing  from  one  to  the  other  of  these  assures  success 
in  the  treatment  of  complex  ores,  when,  as  at  Himmelfahrt,  these 
processes  are  judiciously  combined  in  a  series. 

(*)  Apparatus  for  Hand  Dressing. — There  is  but  little  to  be 
said  of  the  appliances  used  in  the  execution  of  this  first  phase  of 
treatment. 

The  separation  of  coarse  and  fine  at  the  entrance  of  the  ore 
into  the  works  is  eflected  upon  a  screen  which  is  usually  formed 
of  parallel,  inclined  bars,  but  which  sometimes,  on  the  contrary, 
as  at  Ems,  is  horizontal  and  pierced  by  hexagonal  holes.  This 
arrangement  gives  a  more  precise  sorting,  but  demands  more 
labor,  for  to  assure  the  passage  of  the  fine  through  the  holes,  the 
material  upon  the  screen  must  be  stirred  with  a  stick. 

Spalling  is  done  near  the  screen  in  simple  sheds. 

Cobbing  is  done  in  workshops,  presenting  in  their  arrangement 
a  symmetry  suitable  to  the  uses  to  which  they  are  applied.  The 
cobbing  shop  at  Ems,  for  example,  is  composed  of  parallel  rectan- 
gular chambers  (see  Figs,  i  a  and  r  b)  dug  in  the  earth.  The 
cars  which  carry  .the  ore  enter  on  the  rails  rr  and  are  unloaded 
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in  the  chambers  FF',  where  the  cobbers  are  seated  upon  the 
benches  a;  between  two  consecutive  chambers  F  F'  rise  small 
shelves,  which  receive  the  boxes  containing  the  cobbed  ore.   These 


boxes,  when  full,  are  emptied  into  wheelbarrows,  in  which  the  ore 
is  taken  to  the  stalls  S,  from  which  the  raits  F  P  take  the  cars,  used 
to  transport  the  products  deposited  in  these  stalls,  to  the  mechan- 
ical preparation. 

Fi^.2  (  Boato  .  -/.Go) 


Hand  picking  is  carried  on  under  different  conditions,  according 
to  the  operation  which  it  follows.  If  we  have  to  deal  with  picking 
which  occupies  a  place  at  the  beginning  of  the  treatment,  and  which 
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consequently  deals  with  considerBblequantitiesof  material,  recourse 
must  be  had  to  the  use  of  either  revolving  tables  or  even  of  spa- 
cious shops  similar  to  those  at  Clausthal,  which  will  be  described 
later.  If,  on  the  contrary,  we  have  the  picking  of  jigged  copper- 
ore,  small,  wooden,  inclined  stands  suffice,  to  which  the  small 
quantities  to  be  handled  are  carried  on  a  shovel ;  this  last  solution 
is  seen  at  Laurenburg, 

The  shop  at  Clausthal  (Fig.  2)  which,  by  reason  of  the  acci- 
dental character  of  the  ground,  was  obliged  to  be  placed  below 
those  from  which  it  received  the  products,  carries  upon  the  beams 
of  its  frame-work  the  continuation  of  the  rails  which  transport  the 
cars  charged  with  ore  to  be  picked.  These  cars  can  thus  be 
unloaded  upon  the  wall  of  masonry  M,  having  at  the  top  a  hori- 
zoTital  ridge,  which  separates  the  material  upon  two  inclined  planes. 
The  rails  r'  r'  are  used  to  carry  off  the  empty  cars.  These  planes 
constitute  the  bottom  of  a  sort  of  hopper,  limited  elsewhere  by  the 
vertical  walls  /«  nfi^,  the  lower  part  of  which  is  separated  from 
the  picking  tables  TT'  by  a  groove  into  which  the  ore  is  allowed 
to  &I1.  The  arrival  of  the  products  upon  the  tables  TT'  is  finally 
eflfected  by  pickers  armed  with  sticks,  which  these  workmen  also 
use  to  push  the  waste  into  the  conduits  a  a',  which  send  it  to 
the  inclined  planes  d  b'.  A  vertical  damper  empties  these  inclined 
planes  into  cars  running  on  the  rails  R  R',  which  haye  the  same 
level  as  the  workshop  where  the  picked  material  is  treated. 
Benches  d£  take  the  boxes  of  picked  ore  as  soon  as  the  other 
products  are  emptied  down  the  chutes  b  y.  The  water  necessary 
for  the  washing  of  the  fragments  to  be  picked  is  provided  by  the 
cast-iron  conduits  c  c' ;  they  drain  the  picking  tables  by  the  trenches 
VV. 

An  improvement  recently  applied  to  the  work  of  picking  at 
Freidrichssegen  consists  in  the  substitution  of  hot  for  cold  water 
for  the  washing  intended  to  cleanse  the  surfaces  of  the  fragments 
to  be  picked.  The  use  of  this  hot  water,  which  is  furnished  by  the 
condensation  of  the  steam  from  the  motive  machinery,  assures  for 
the  pickers,  notably  in  cold  weather,  an  advantage  which  may 
easily  be  secured  whenever  steam-power  Is  used. 

II. — Mechanical  Ckushing. 
(a)  Method  of  Treatment. — Mechanical  crushing  is  done  either 
with  crushers,  mills,  stamps,  or  rolls. 
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1.  Crushers. — Either  the  products  coming  from  spalling,  as  at 
Steinenbruck  and  Weiss,  or  products  to  be  subsequently  hand 
picked,  as  at  Churprinz,  are  sent  to  the  crusher.  In  the  first 
case  the  crusher  prepares  the  ore  for  the  rolls ;  in  the  second 
it  prepares  them  for  sorting  by  hand.  In  certain  works  prelimi- 
nary breaking  does  not  exist,  either,  as  at  Ems  and  Himmetfahrt 
on  account  of  the  excessive  complexity  of  the  ore,  or,  as  at  the 
works  of  Gesegnete  Bergmanns  HoRhung,  by  reason  nf  the  natural 
concentration  of  the  rich  parts  which  permit  the  separation  of  the 
ore,  by  spalling,  into  two  classes;  one  very  rich  which  is  sorted 
by  hand,  and  the  other  very  poor  which  must  be  disintegrated 
by  the  stamps.  The  works  in  Hartz  furnish  a  complete  gradation 
in  the  use  of  crushers,  from  the  works  at  Clausthal,  where  me- 
chanical crushing  supplants  breaking  by  hand,  to  the  shop  at 
Schulenberg  where  crushers  are  not  used  at  all,  and  the  practice 
of  Lautenthal,  which  serves  as  a  mean  between  these  two  ex- 
tremes, and  is  an  example  of  a  combination  of  the  use  of  crushers 
and  manual  labor.  Lastly,  on  the  banks  of  the  Rhine,  the 
crusher  is  only  used  for  relatively  simple  ore  requiring  a  less 
careful  cobbing. 

2.  Schranz  Crusher. — This  machine  occupies  a  place  between 
jaw-crushers  and  rolls.  It  resembles  the  first  in  its  form  and  the 
second  in  the  fineness  of  the  grains  it  furnishes  and  in  the  facility 
with  which  it  may  be  regulated.  This  crusher,  which  is  only  used 
at  Laurenburg,  will  be  studied  later. 

3.  Mills. — I  will  not  speak  of  the  old  style  Saxon  mills,  but 
will  limit  myself  to  the  Schranz  mill,  also  used  at  Laurenburg, 
where  it  has  supplanted  the  stamps.  It  is  especially  used  for  ore 
of  a  coarseness  of  8  millimetres  and  below  and  also  for  crushing 
intermediate  products.  A  detailed  description  of  it  will  be  given 
later  on. 

4.  Stamps. — Stamps,  which  are  still  very  much  used  in  Saxony, 
and  even  to  the  exclusion  of  all  other  crushing  apparatus  (as  for 
example,  at  the  works  of  Gesegnete  Bergmanns  Hoffnung),  tend 
to-  disappear  on  the  banks  of  the  Rhine.  If  the  constitution  of 
the  sand  at  Knottes,  which  is  washed  at  Mechernich,  reniders  the 
use  of  these  machines  indispensable  there,  the  stamps  for  me- 
chanical preparations  at  Ems  have  not  been  used  for  some  time ; 
and  in  the  recently  built  works  at  Weiss,  not  a  single  upright 
stamp  is  to  be  found.     Elsewhere  they  have  given  place  either  to 
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mills,  as  at  Laurenburg,  or  to  rolls  as  at  Steinenbriick.  I  will  not 
dwell  upon  the  well-known  qualities  of  stamp  as  a  crusher,  nor 
upon  its  inconveniences  from  the  point  of  view  of  the  water  it 
consumes  and  the  great  noise  which  it  produces.  Suffice  it  to  say 
that  the  complete  suppression  of  stamps  does  not  appear  to  be 
recommended  any  more  than  their  exclusive  use,  and  the  simulta- 
neous use  of  stamps  and  rolls,  of  which,  the  Hartz  offers  a  happy 
combination,  seems  to  be  a  solution  which  confonns  better  to  the 
diversity  in  the  nature  of  ores  which  a  terminology  already  old, 


characterizing  the  functions  of  the  two  principal  kinds  of  crushers, 
has  distinguished  as  poclierz  and  walzerz,  ore  for  the  stamps  and 
ore  for  the  rolls. 

5.  Rolls. — Rolls,  which  (with  the  exception  of  Laurenburg, 
where  the  Schranz  crusher  has  in  a  measure,  replaced  them),  are 
in  favor  on  the  banks  of  the  Rhine,  are  not,  as  yet,  appreciated  so 
much  in  Saxony  or  the  Hartz.  The  engineers  of  Rhenish  Prussia 
boast  the  precision  and  ease  with  which  a  required  degree  of  crush- 
ing may  be  obtained  from  rolls  without  producing  as  much  dust  as 
with  the  stamps,  and  although  recognizing  that  these  last  are  nec- 
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essary  to  the  pulverization  of  an  ore  where  the  rich  parts  are  dis- 
seminated in  the  mass;  in  support  of  their  preferences,  stress  must 
be  laid  on  the  in  advisability  of  employing  stamps  for  the  richer 
products  in  which  the  degree  of  concentration  of  the  mineral, 
properly  speaking,  is  higher. 

ip)  Apparatus. — After  having  defined  the  province  of  each  type 
of  crusher,  the  only  two  machines  which  are  new  in  character 
may  be  described ;  that  is  to  say,  the  Schranz  crusher  and  the 
Schranz  mill. 

1.  Tke  Schranz  Breaker. — The  Schranz  crusher  ts  a  jaw-crusher 
in  which  the  movable  jaw  is  given  a  simultaneous  movement  of 
rolling  and  sliding  against  the  Rxed  jaw. 

Fig.  3  shows  the  nature  of  this  apparatus  to  which  the  following 
details  of  construction  should  be  added  : 

The  two  jaws  are  made  of  cast  steel ;  the  distance  between  them 
is  regulated  at  will  by  means  of  a  vertical  screw  V  which  moves 
upon  a  wedge  C.  The  short  crank  b  has  been  cast  with  such  a 
section  that  it  will  break  before  the  other  parts  if  too  hard  a  sub- 
stance should  be  engaged  between  the  jaws. 

The  following  table  gives  the  details  of  the  various  sizes  of  the 
breaker. 


Available  .surface  of  jaw 
(millimeters) 

No.  of  revolunotiK  of  driving 
pulley  per  minule. 

Diameter  □(  drivinif  pulley 
(millimeters) ' 

Wi<lth  of  do. 

'--"T'la'h::::: 

Weight  of  the  machine  (hil- 

WeightoCapairotjaws  {kil- 
ogrammes)  

Motive  force  in  hor-e  power 
Quantity  of  ore  crushed  per 


j   25° 

1050 
900 

250 

500 
izs 
1450 

IIJO 

250 

650 

1 6  JO 
1400 

900 

1150 

'350 

'   boo 

«s«> 

4500 

\\      ■"' 

Ta 

300 
5-6 

600-1000 

1500-2000 

3000-3000 

:>  400  X  zjOi  500  J.  300  £00  I  350 


1950 


3000-4000  4000-5000 


The  advantage  of  this  machinb  consists  in  the  fineness  of  pro- 
duct it  furnishes  (8  millimeters),  which  need  not  be  sent  to 
roughing  rolls,  to  which  the  product  of  the  American  crusher 
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must  pass.  The  breaker  fulfils  the  office  of  this  last  machine, 
thanks  to  the  acute  angle  formed  by  the  jaws.  These  can  con- 
sequently seize  and  crush  pieces  whose  size  do  not  allow  of 
their  being  engaged  betw'een  the  surfaces  of  rolls,  the  angle  of 
which  can  not  be  reduced  beyond  a  certain  limit  without  giving 
to  the  diameter  an  exaggerated  size.  Thus  at  Laurenburg  they 
are  satisfied  to  use  a  breaker  crushing  to  8  millimeters  followed 
by  a  single  pair  of  rolls,  which  at  Steinenbruck  under  analogous 
conditions  they  have  to  use  three  pairs  of  rolls  after  an  ordinary 
crusher  which  only  breaks  to  30  millimeters. 

Sckrans  Mill. — The  Schranz  mill  (Figs.  4  and  5)  is  composed 
of  three  truncated  cones,  x,  y,  z,  and  an  annular  plate  a.  This 
plate  is  fixed  by  bolts  to  a  disk  D,  keyed  into  a  socket  A  in 
the  interior  of  which  passes  a  fixed  axis  I.  The  socket  A  itself 
carries  a  conical  wheel  R  geared  with  the  wheel  R'"  which  is  keyed 
to  the  shaft  B.  The  rotation  of  D  determines  by  friction  that  of 
the  truncated  cones  which  turn  each  about  X  a  fixed  axis  in  space. 
By  properly  determining  the  pitch  of  these  truncated  cones  whose 
common  vertex  is  in  the  vertical  axis  1,  a  crushing  of  the  materials  is 
obtained  by  simple  rolling  which  diminishes  the  production  of  dust. 
The  plate  A,  and  the  disk  D,  are  cast-iron.  The  latter,  which  is 
275  millimeters  in  width  by  50  in  thickness  and  1000  millimeters  in 
diameter,  has  an  outside  inclination  of  10  in  the  lOO.  The  relation 
of  diameters  in  the  two  conical-geared  wheels  is  l  to  4.  The  disk 
D,  makes  12'^  revolutions  per  minute.  The  truncated  cones,  the 
bases  of  which  are  475  and  750  millimeters  in  diameter,  are  each 
composed  of  a  core  to  which  is  bolted  a  conical-cast  envelope  55 
millimeters  thick  and  275  milHmeters  long  on  the  generating  line. 
These  envelopes  are  very  easily  replaced  by  reason  of  their  form 
and  their  mode  of  attachment.  The  axes  of  these  truncated  cones 
arc  fixed  on  one  side  by  the  jointed  bolt  H  to  the  socket  A'  which 
surrounds  the  upper  part  of  the  axis  I,  and  on  the  other  they  rest 
inside  the  cast  standards  K.  The  upper  part,  m  n,  of  each  of  these 
standards  is  composed  of  two  halves  united  by  bolts,  the  separa- 
tion of  which  allows  the  removal  of  the  truncated  cones  when  the 
bolt  H  has  been  detached  from  the  socket  A'.  This  last  is  sus- 
pended from  the  screws  V,  the  adjustment  of  which  combined 
with  that  of  the  rubber  springs,  P,  allows  of  separating  or  bringing 
together  the  truncated  cones  xy  z  and  the  plate,  and  thus  modi- 
^ng  the  coarseness  of  the  particles  obtained. 


ovGoO'^lc 


THE  QUARTERLY. 

Fi^.4  (scie    '/io> 


Fi§.5  (Betfe  ^^) 


ovGoo'^lc 


MECHANICAL  PREPARATION  OF  ORES.         231 

The  distribution  of  the  ore  to  be  crushed  is  determined  by 
means  of  the  hopper  T,  which  is  given  an  alternating  movement 
rapid  enough  to  feed  with  perfect  regularity  the  slowty-moving 
ptate.  If  the  rotation  of  the  latter  is  in  the  direction  of  the 
arrows,  the  products  pass  under  the  truncated  cone  x,  then  under 
the  cone  y,  and  finally  under  the  cone  s.  The  apparatus  is  so 
regulated  that  the  distance  of  each  truncated  cone  from  the  plate 
is  minimum  for  the  cone  e,  maximum  for  the  cone  x  and  an 
intermediate  value  between  these  two  limits  for  the  zoaey.  The 
most  friable  grains  are  in  this  way  the  least  strongly  compressed. 
A  jet  of  water  placed  behind  each  cone  detaches  from  it  the 
particles  which  adhere  to  it ;  a  final  jet  of  water  washes  the 
crushed  ore  from  the  plate  into  a  conduit  M,  which  encircles 
the  plate,  and  carries  the  products  into  the  duct  N,  emptying 
into  the  three- millimeter  trommel  S.  The  refuse  of  this  is  again 
crushed. 

By  turning  at  the  rate  of  I2>^  revolutions  a  minute  this  appara- 
tus is  capable  of  passing  per  hour  1460  kilogrammes  of  product  of 
a  coarseness  of  3-8  millimeters  as  it  comes  from  the  jigs,  97  litres 
of  water  is  consumed  by  the  mill  per  minute,  and  20  litres  by  the 
trommel.     The  mill  requires  a  motive  force  of  3-3.5  horse-power. 

A  series  of  experiments  have  been  made  at  Laurenburg  with 
this  apparatus  which  is  employed  there  with  success. 

In  the  first  series  a  comparison  was  made  between  the  work  of 
the  Schranz  mill  and  that  of  a  battery  of  1 5  stamps.  Each  stamp 
weighs  160  kilogrammes  and  gives  60  blows  per  minute,  with 
a  drop  of  loo  millimeters.  Equal  weights  (calculated  with  an 
allowance  made  for  water),  were  made  to  pass  through  each 
apparatus,  the  grains  varying  from  5-8  millimeters  as  they  come 
from  the  jigs.  The  pulverized  ore  was  discharged  by  each  of 
these  two  crushers,  with  the  water  necessary  to  carry  c  ff  the  pro- 
ducts into  a  trough  7  meters  long  by  0.24  meters  in  width,  which 
is  divided  into  compartments  by  partitions.  The  sand  deposited 
was  weighed  with  care ;  the  water  contained  being  subtracted 
from  it;  lastly  the  portion  which  had  been  extracted  from  the 
mass  in  order  to  determine  the  water  contained  was  made  to  pass 
over  screens  of  0.2,  0.5,  0.9,  1.6,  24  and  3.2  millimeters  and  the 
weight  of  each  of  the  sizes  produced  carefully  taken.  Under  these 
conditions  the  mill  crushed  1350  kilogrammes  of  material  per 
hour,  while  the  stamps  could  pulverize  only  855   kilogrammes 
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the  mill  consumed  117  litres  of  water  per  minute,  that  is  5.21 
litres  per  kilogramme  of  crushed  ore ;  the  stamp  on  the  contrary- 
consumed  450  litres  of  water  per  minute  or  31.6  per  kilogramme 
of  crushed  material. 

The  table  (p.  233)  gives  the  results  of  these  experiments  : 
These  figures  show  the  superiority  of  the  Schrani  mill  over  the 
stamps,  at  least  for  the  ore  of  Laurenburg.  Considered  from  a 
general  point  of  view,  the  results  obtained  by  the  use  of  this  mill 
are  certainly  very  favoiabte,  inasmuch  as  it  furnishes  very  littie 
slime  and  gives,  on  the  contrary,  43  per  cent,  of  grains  0.5-1.6 
millimeters  and  15  per  cent.  0.5-0.2  millimeters  the  treatment  of 
which  is  easy. 

In  a  second  series  of  experiments  products  from  8-15  milli- 
meters and  1 5-20  millimeters  were  submitted  to  be  crushed.  The 
results  have  been  still  very  satisfactory,  it  is  nevertheless  necessary, 
in  this  case,  to  surround  the  plate  with  a  sheet  or  a  metalhc  fillet  to 
stop  and  throw  back  the  products  which  spread  over  the  edge  of 
the  plale.  This  inconvenience  is  not  experienced  with  grains  of 
a  coarseness  between  3-8  millimeters.  Also  the  complication  re- 
sulting from  the  use  of  this  sheet  or  fillet  leads  to  the  conclusion 
that  the  Schranz  mill  is  especially  useful  for  products  finer  than  8 
millimeters,  and  if  this  restriction  be  made  (as  in  the  scheme  of 
treatment  at  present  followed  at  Laurenburg),  and  there  be  sent 
to  the  mill  only  materials  of  that  dimension,  excellent  results  may 
be  obtained. 

III. — Cleansing  and  Sizing. 

I  merely  cite  as  a  note  on  the  op)eration  of  cleansing  that  the 
methods  and  apparatus  used  do  not  present  anything  new.  These 
are  either  the  bump  sieves  as  in  Saxony,  trommels  made  of  sheet- 
iron  with  blades  projecting  into  the  interiot  to  break  up  the  mass 
of  material,  or  else  conical  trommels  with  longitudinal  iron  ribs. 

Sizing  is  done  on  bump  sieves  in  ordinary  trommels  or  in  the 
Schmitt-Manderbach  apparatus  which  has  recently  come  into  use. 

(rt)  Method  of  Treatment. — The  succession  of  the  holes  in  the 
screen  plates, 'the  diameters  of  which  formerly  increased  in  a  geo- 
metrical ratio,  is  no  longer  the  object  of  so  exact  a  determination. 
It  is  rather  by  practical  considerations  that  the  German  engi- 
neers have  been  guided,  and  notably  by  the  desire  to  reduce  the 
number  of  screens  formerly  greatly  multiplied  by  the  application  of 


oyGoot^lc 


MECHANICAL  PREPARATION  OF  ORES.        233 


i 

i 

I 

s 
t 

i 

4 

■11!H 

IMII 

a 

^ 

m  ■ 

f 

.dm«S 

!!!! 

f 

1 

4 

■niw 

SiSsi 

B! 

5- 

t 

-tduin!; 

1 

111! 

2 

Ill 

1 

S   1 

4 

>< 

' 

mil 

1 

p! 

i, 

i  « 

-.d<i.ns 

1 

% 

1-    ; 

^1< 

li 

i 

-i 

1 

i 

■3 

....« 

SSS     j 

il 

0  i 

ij 

■S'SSS, 

l;*'5     r 

if 

<  < 

sS31s 

III 

^«'2ir 

i2l 

T-li 

Jips 

«£SC 

SS.S, 

i 

i 

* 

■Il!« 

g 

5"~    J? 

% 

8 

■lonaS 

-411 

! 

HlX 

i 

8 

3 

iilii 

1  1  1  1  1 

■if 

11 

II 

I' 

S 

o.Goo^lc 


234  3rff£  QUARTERLY. 

this  rule.  A  very  notable  manifestation  of  this  tendency  is  to  be 
found  in  the  works  at  Schulenberg  (Hartz).  The  ore  which  is 
treated  there  consists  essentially  of  galen»,  blende  and  copper 
pyrites.  The  copper  pyrites  is  separated  from  the  blende  by  hand- 
picking,  the  densities  of  these  two  bodies  being  too  close  to  per- 
mit of  their  being  separated  otherwise.  Thus  they  are  forced  to 
resort  to  a  hand  separation  of  the  ore  into  two  classes,  "galena 
and  blende  "  or  "  galena  and  copper  pyrites."  It  is  necessary 
then,  if  this  theory  is  to  be  applied,  to  calculate  the  diameters  of  the 
holes  in  the  trommels  so  as  to  separate  the  two  bodies  whose  den- 
sity has  the  closest  ratio,  that  is  to  say,  galena  and  copper  pyrites. 

The  corresponding  geometrical  ratio  is  - ' ^  2.03  which  gave 

4,2  —  I 

the  following  series  of  diameters  : 

I,  2.03  4.669  9.478 

Now,  several  years  ago,  the  following  series  was  adopted  at 
Schulenberg: 

I.  2,  3,  4.  5,  8.  10,  12. 

Recently  since  the  reconstruction  of  the  plant  the  following  series 
has  been  adopted : 

1,  2,  3,  4,  6,  10,  15. 

Which  contains  one  trommel  less  and  conforms  less  to  the  theo- 
retical series  (since  the  trommel  of  5  millimeters  which  corresponds 
approximately  to  that  of  4.669  has  been  suppressed).  It  has  not 
yet  appeared  that  the  final  classification  has  suffered  in  conse- 
quence. 

(b)  I,  Apparatus:  Bump  Screens. — This  form  of  apparatus, 
which  no  longer  exists  except  in  old  dressing  works,  notably  in 
Saxony,  is  now  definitely  condemned. 

2.  Trommels. — The  most  advantageous  dimensions  for  trommels 
are  those  which  give  the  greatest  production  with  the  least  loss. 
The  increase  in  capacity  may  be  obtained  primarily  by  increasing 
the  speed  of  rotation.  But  the  centrifugal  force  throws  the  larger 
grains  over  the  holes  and  impedes  the  passage  through  these  of 
the  finer  particles,  for  which  the  centrifugal  force  is  smaller.  The 
increase  of  production  then  can  practically  be  obtained  only  by 
increasing  the  diameter  of  the  trommel ;  the  diameter  of  the  lai^e 
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base  had  not  exceeded  65-70  centimeters  until  recently,  and  it  is 
only  within  a  short  time  that  a  trommel,  the  smallest  diameter  of 
which  was  1.50  metres,  was  tried  at  Laurenburg.  The  product 
then  spread  over  a  much  larger  surface,  and  for  a  given  quantity 
introduced  the  depth  is  less,  and  consequently  the  sizing  is  more 
rapid.  This  rapidity  of  sorting  permits  of  reducing  to  65  centi- 
meters the  perforated  length  of  the  trommel ;  a  length  which  in 
ordinary  trommels  is  not  less  than  1.25  metres.  For  the  same 
reason  the  pitch- of  the  generatrices  may  be  carried  to  10  in  100 
instead  of  5  in  100,  as  in  normal  trommels.  This  increase  of 
the  inclination  together  with  the  dimunition  of  the  length  has  the 
efTect  of  diminishing  the  length  of  time  the  refuse  remains  in  the 
trommel,  and  consequently  diminishes  not  only  the  formation  of 
dust,  but  also  the  wear  of  the  perforated  sheet.  This  trommel 
with  holes  of  8  millimeters  is  used  at  Laurenburg  at  a  speed  of  six 
revolutions  per  minute  for  the  treatment  of  ores  called  spathic, 
which,  as  we  will  see  in  the  second  part  of  this  paper,  are  washed 
in  a  special  building. 

The  ether  details  of  construction  of  trommels  do  not  merit  any 
special  mention.  Their  arrangement,  on  the  contrary,  presents  in- 
teresting features. 

The  use  of  more  than  two  concentric  trommels  is  now  completely 
abandoned,  and  if  the  height  available  is  limited,  as,  for  example, 
at  Lautenthal,  recourse  may  be  had  still  to  the  use  of  double 
trommels,  followed  by  a  series  of  successive  trommels.  The  two 
practical  solutions  which  are  actually  in  use  are  the  arrangement 
in  steps  and  side  by  side.  In  these  two  dispositions  the  axes  of 
the  trommels  are  at  different  levels,  but,  in  the  first  case,  the  hori- 
zontal projections  of  the  axes  of  these  apparatuses  are  in  the  same 
line,  whereas  in  the  second  they  constitute  a  series  of  parallel  lines, 
the  extremities  of  which  are  limited  by  the  same  two  vertical 
planes.  These  two  solutions,  which  are  both  adopted  in  the  re- 
cently reconstructed  dressing  works  at  Ems,  each  have  their  ad- 
vantages and  their  inconveniences.  The  first  has  the  advantage 
of  requiring  a  smaller  difference  in  height,  and  not  only  of  render- 
ing the  replacement  of  a  trommel,  which  has  been  rendered  un- 
■  serviceable,  easy,  but  it  also  permits  of  introducing  material  di- 
rectly into  any  trommel  of  the  series.  This  disposition  also  per- 
mits the  driving  of  the  trommels  from  a  single  shaft,  with  a  fixed 
and  a  loose  pulley  and  a  separate  belt  for  each  trommel.  In  this 
VOL,  XIV.— 16 
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way  it  is  possible  to  stop  the  movement  of  any  trommel  in  the 
series,  and  to  place  inside  of  such  trommel  a  strip  of  sheet-iron, 
so  that  the  products  introduced  at  the  level  of  the  highest  trom- 
mel of  the  series  traverse  such  trommels  without  being  submitted 
to  any  sizing.     The  second  disposition,  which  has  the  advantage 


of  taking  up  less  room  than  the  former,  does  not  permit  such  com- 
binations, the  utility  of  which  is  incontestable  in  works  where  the 
variety  of  ores  treated  necessitates  modilications  in  the  method  of 
treatment.  It  is  necessary,  with  this  arrangement,  to  avoid  com- 
plication by  driving  each  trommel  from  the  one  adjacent,  which 


jjJl  Fi|7(Bc«le    VSo) 


renders   the   stopping   of  single  trommels  in  the  series   impos- 
sible. 

3.  Schmitt-Manderbach  Spiral  TrornvteL — This  apparatus  is 
composed  of  a  series  of  concentric  plates  perforated  on  part  of 
their  surface  only,  the  blank  portions  being  disposed  in  such  a  ' 
way  that  one  does  not  cover  another.  These  are  festened  to- 
gether by  sheet-iron  guide-plates  in  radial  planes.  These  guide- 
plates,  which  join  the  extreme  edges  of  two  successive  perfor- 
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ated  plates,  keep  back  the  refuse  of  the  plate  with  the  greater 
diameter. 

Fig.  6  gives  the  section  of  the  apparatus  perpendicular  to  the 
axes.  The  refuse  of  each  plate  is  discharged  by  a  slightly  inclined 
chute,  nearly  parallel  to  the  axis  of  rotation,  to  a  lateral  chute. 
Each  of  these  chutes  being  at  a  different  distance  from  the  trom- 
mel, allows  the  refuse  of  a  given  plate  to  be  sent  into  a  bin  situ- 
ated at  any  distance  from  the  lateral  wall  of  the  apparatus ;  more> 
over,  the  presence  of  the  interior  plates  (which  prevent  the  refuse 
from  any  given  screen  discharging  during  the  revolution)  renders 
it  possible  to  send  this  refuse  into  a  stall  situated  at  any  distance 


KJ.Sl 


from  the  axis  of  rotation.  These  stalls  are  denoted  by  the  letters 
M  N  P  Q  M'  N'  P'  Q'  M.  N,.  etc.  On  Figs.  7  and  8  of  Plate  1.,  the 
dimensions  of  the  apparatus  used  at  the  works  at  Himmelsfurst 
(Saxony)  are  as  follows,  the  plates  being  numbered  from  the  in- 
side: 


i   DiuKK.  ■£ 

Diimcur  or 

FblH. 

UcLra. 

Perforated 

Surr.«. 
Mors. 

Surface. 

iBt  Plftle.... 

■s 

..OG 

J.OO 

0 

3d     '■    .,. 

1        ,JJ 

1.31 

2.10 

0.30 

3d     "    .... 

1      ' 

".38 

;     2.34 

0.16 

4th    «    .... 

i          S 

'52 

!          "-57 

0.19 

Sih    •■    .... 

1            '■' 

1.66 

z.8i 

0.31 

6(b    "    .... 

I            ' 

1.80 

3.03 

« 
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Width  of  the  trommel,  0.600  metres. 

Capacity,  2  cubic  metres  per  hour,  the  apparatus  making  eight 
revolutions  per  minute,  and  requiring  J^-horse-power, 

No  supervision  is  necessary  other  than  that  supplied  by  the  or- 
dinary machinists  of  the  works. 

Independent  of  the  other  advantages,  whrch  will  be  discussed 
later,  this  apparatus  presents  that  of  occupying  a  small  space  and 
of  wearing  out  less  rapidly  than  other  trommels.  On  the  other 
hand,  it  must  be  placed  at  a  high  level,  a  disadvantage  which,  in 
the  case  of  a  series  of  elerated  trommels,  is  only  presented  by  the 
first  of  these  trommels.  This  (fisadvantage  consists  not  only  in 
the  cost  of  installation  of  such  an  apparatus  at  a  great  height  in 
the  building,  but  also  in  the  difficulty  of  inspecting  from  time  to 
time  the  condition  of  its  screen  plates. 

(To  be  continued.) 


DESCRIPTION  OF  THE  TOPOGRAPHIC  WORK  OF  THE 
U.  S.  GEOLOGICAL  SURVEY.* 

Bv  GERALD  F.  SHERM.^N. 

The  U,  S.  Geological  Survey  was  originally  organized  for  the 
purpose  of  exploring  and  locating  the  geological  areas  of  the  United 
States.  Almost  as  soon  as  the  work  was  commenced,  it  was  found 
that  a  reliable  map,  on  which  to  show  the  geology,  was  impera- 
tively necessary.     At  present,  the  survey  is  occupied  in  making 


*  In  Ibe  summer  of  1897,  the  writer  was  enabled,  by  the  cordial  co-operation  of 
ihe  aulhoritiea  al  Washinglon,  to  make  arrange metiUi  for  the  students  in  the  summer 
ichool  of  Burveyiog  of  Columbia  College  10  join  the  topograpbical  ]Kiilies  of  the  U.  S. 
Geological  Survey.  A  considerable  number  availed  themselves  of  the  opportunily 
thus  given  to  learn  the  methods  oT  the  survey,  so  admirably  well  adapted  lo  oblaming 
good  topographical  maps  of  targe  areas  on  the  scale  of  one  mile  to  the  inch. 

After  the  completion  of  the  regular  course  al  the  summer  school,  the  students  were 
detailed  in  pairs  to  join  parties  working  tn  (he  Calskills,  Hudson  Valley,  White  Moun- 
tains, and  Maine,  (or  a  week's  work. 

Among  the  excellent  reports  and  memoirs  handed  in,  Mr.  Sherman's  has  been  se- 
lected for  publication,  after  receiving  very  complimentary  endorsement  from  Mr.  H, 
M.  Wilson,  topographer  in  charge  of  the  N.  E,  Division  of  ihe  Survey, 

James  L,  Oreenleai', 

Columbia  College. 
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a  series  of  contour  maps  on  which  the  geological  areas  are  to  be 
subsequently  indicated. 

The  map-making  work  of  the  Geological  Survey  may  be  divided 
into  two  parts — the  office  and  field  work.  The  office  work  con- 
sists in  inking  in  the  maps  on  which  the  field  work  is  finished,  and 
preparing  them  for  the  engraver ;  and  tn  plotting  the  initial  points 
on  the  plane  table  sheets  to  be  used  later.  These  initial  points 
are  located  by  triangulation,  either  by  the  Geological  Survey 
itself  or  by  the  U.  S.  Coast  and  Geodetic  Survey.  They  also  use 
data,  occasionally,  that  is  furnished  by  other  reliable  surveys  ;  for 
instance,  the  trianguladons  conducted  by  the  New  York  State  Sur- 
vey, and  the  U.  S.  Lake  Survey.  In  the  East,  the  Geological  Sur- 
vey has  to  do  very  little  triangulation  of  its  own,  as  the  Coast 
Survey  has  pushed  its  triangulation,  in  some  cases  far  into  the 
interior;  even  across  Vermont  and  New  Hampshire,  and  north  of 
Albany.  The  field-work  done  by  the  topographers  of  the  Survey 
consists  in  locating  the  roads,  streams,  and  inhabited  houses,  gen- 
erally by  means  of  the  plane  table,  and  in  sketching  itie  contours 
on  the  skeleton  sheets  thus  obtained. 

The  object  of  this  memoir  Js  to  describe  particularly  the  field- 
work  which  has  to  do  with  the  detail  of  the  map,  and  the  triangu- 
lation of  the  Geological  Survey  will  only  be  mentioned. 

On  taking  the  field  in  the  spring,  the  parties  usually  consist  of 
three  ijien,  the  topographer  in  charge,  the  plane-table  man,  and  the 
traverse  man ;  though  sometimes  the  parties  are  cut  down  to  two, 
who  divide  the  work  somewhat  differently.  The  plane-table  work 
will  first  be  taken  up,  sext  the  road-traversing,  and  finally  the 
sketching,  as  nearly  as  possible  in  the  order  of  progress. 

The  Plahe-Table  Work. 
The  outfit  used  is  particularly  light  and  convenient,  while  suf- 
ficiently strong  and  steady  for  all  ordinary  work.  The  tripod 
has  a  quick-levelling  attachment,  consisting  of  a  balt-and-socket 
joint,  which  may  be  clamped  in  any  positlof),  but  has  neither  lev- 
elling nor  tangent  screws.  The  paper  is  very  stiff,  and  is  made 
of  two  thicknesses  mounted  together  with  the  grain  in  different 
directions  to  prevent  expansion  and  contraction  in  damp  or  dry 
weather  as  much  as  possible.  The  sheet  is  nearly  as  large  as  the 
table,  and  is  screwed  to  it,  not  being  removed  or  changed  until  it 
is  finished.     The  sheets  cover  an  area  of  15'  of  latitude  by  15'  of 
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longitude,  and  the  5'  lines  of  latitude  and  longitude  are  drawn  in 
on  a  scale  of  j-^J-g-y  These  lines  and  the  primary  triangulation 
points  are  plotted  and  inked  in  at  the  office  before  taking  the  field- 
There  are  no  especial  features  inthe  rest  of  the  apparatus. 

The  object  of  the  plane-table  work  is  to  locate  a  sufficient  num- 
ber of  points  to  enable  the  traverse  man  to  accurately  tie  in  his 
road  traverses.  The  methods  used  in  determining  these  points 
are  those  used  in  all  plane-table  surveys,  the  three-point  problem, 
from  its  convenience,  being  often  employed.  It  requires  a  little 
experience  to  decide  which  are  points  worthy  of  location,  and 
having  decided,  to  fix  them  in  the  mind  so  that  they  may  be  recog- 
nized and  located  from  another  station.  Besides  this,  they  must 
be  described  so  that  the  traverse  man  may  identify  them  with  loca- 
tions of  his  own.  Their  system  of  notes  simpifies  this  to  a  certain 
extent. 

Station  XXVIII.  was  not  located,  having  only  one  angle-line 
("  517  ")  drawn  through  it.  On  setting  up,  the  table  was  oriented 
by  means  of  this  line,  and  the  point  located  and  checked  by  several 
resections.  Having  obtained  a  satisfactory  location,  the  remain- 
ing work  of  the  station  maybe  divided  into  three  parts — the  locat- 
ing of  stations  to  which  lines  have  been  drawn  from  other  stations, 
the  shots  to  new  stations  or  intersection-points,  and  the  vertical 
angle  work.  In  all  these  divisions,  the  same  order  of  work  is  fol- 
lowed. The  stations  to  the  south,  for  instance,  are  observed  first, 
then  those  further  west,  passing  around  in  this  manner  to  the 
north  and  east,  until  all  have  been  sighted.  This  method  prevents 
to  a  great  extent  confusing  and  omitting  points. 

In  the  first  part  of  the  work  the  shots  are  numbered,  the  num- 
bers having  been  carried  on  continuously  from  the  beginning  of 
the  sheet.  These  numbers  are  placed  in  the  column  headed  "  No." 
Then  the  notes  are  examined  until  the  number  of  the  other  shot 
to  the  same  point  is  found  and  entered  on  the  same  line  in  the 
column  headed  "  Equals,"  This  first  line  may  be  called  the  direc- 
tion line  and  the  second  the  locating  line.  The  number  of  the 
locating  line  is  then  entered  in  the  "  Equals"  column  on  the  line 
with  the  number  of  the  direction  line.  This  system  shows  that 
the  point  is  located,  giving  the  numbers  of  both  lines  in  both  places 
where  any  mention  of  the  object  is  made. 

In  the  second  part  direction  lines  are  taken  to  new  points. 
The  number  of  the  line  is  entered  as  before  in  the  "  No."  column; 
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Copy  of  Notes  taken  at  Station  XXVII.  of  the  N.  E.  }i  of  the 
Cohoes  Slieet. 


"S17"  Slati 

n  XXVII.,  September  20lh,  1892. 

-No.- 

Equal. 

V.A.         Dtet 

«.,. 

White   house   I    mi.   N.E.  of   siaiion.     Red 

building  nunh. 
Yellow  house,  black  roof.  J  mi.  N.E,  of  sUl'n, 
While  T.  K.  on  lai^e  gray  barn,  3  mi.  N.E  of 

slarion,  red-roofed  houses. 
La^e   red  barn,  length  E.  &  W..  i  mi.  N.E. 

of  slalion,  white  houses. 
T.  K.  on  old  barn,  length  N.  &  5.,  3  mi.  N.E. 

of  station,  comtield  S. 
I  Jrgc  yellow  house,  red  shutters,  1  mi.N.of  su. 
Old  gray  bam.  length  N.  &  S.,  in  Reld   I  %  mi. 

E,  of  stBtion. 
Yellon-  bam,  length  N.  and  S.,  Ji'mi.  E.  of  sta. 
Urge  farm  house,  a  }^  mi  E.  of  bln.,near  R.K. 
Small  red  barn,  length  N.  and  S,  imi.E.of  sla. 
Cemre  of  long,  low  shed,  length  N.  and  S.,  1%, 

mi.  S.E.  of  s.a;ion. 
Upper  water-tank  at  Johnsonville, 
Small  T.  K.  on  new  church  at  Johnsonville. 
White  T.  K.  on  church  S.  of  Johnsonville. 

White  house,  west  of.red  bani,  a^  mi.  S.  of  sta. 

Ked  house,  %  mi.  south  of  station. 

Big  square  while  house,  flat  roof,  yellow  build- 
ings S.,  i%  mi.  S.E.  of  sMlioQ. 

Small  apple-tree  in  plowed  field  on  cleared 
hillTmi.  S.ofs.alion. 

Elm-tree  on  same  hill 

La^e  red  ham,  length  E.  &  W.,  gable  centre 
N.  and  S..  while  hoUEie  W.,  z  mi.  S.  of  sla.. 

Topofl>arehillsmi.  SW. 

Wooded  knoll  3  mi.  S.  of  sialion. 

Large  T.  K.  on  brick  mill  in  Schaghlicoke. 

R.  R.  crossing  %  mi.  east  of  station. 

548 

549 
55° 
SS" 
55* 

5S3 
554 

yi 
IP 

SS9 
560 

% 

? 
ill 

567 
568 
569 
570 
571 
57* 
573 

574 

m 

579 

Ill 
1 

... 
... 

BtiJIlt 

t-iS'     .... 

0033'  

-,"37'  

-O'SJ'' 

-V"s3' ■;::;:::::;:: 
1 

-  .=28' , 

-  ;=>  :■'.:;■ 

-o:^5'i 

-■ i°i3' 

i 

the  "Equals"  column  is  of  course  left  blank  for  the  number  of  the 
locating  shot,  and  a  short  description  of  the  point  is  given  on  the 
opposite  page. 

The  vertical  angle  work  consists  in  reading  the  angles  to  most 
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of  the  points,  and  to  almost  "all  of  the  stations  that  can  be  seen. 
Reading  to  different  stations  gives  a  system  of  checking  elevations 
by  making  them  interdependent  one  on  another.  It  is  a  method 
of  reciprocal  adjustment.  The  vertical  angles  are  read  generally 
to  the  ground  at  the  location.  When  this  is  not  the  case,  an  ex- 
planatory note  is  entered  with  the  description  on  the  opposite  page. 
When  convenient,  usually  at  night  or  on  rainy  days,  the  distances 
between  the  points  and  locating  station  are  read  off  on  a  scale, 
and  the  vertical  heights  corresponding  to  the  distances  and  their 
respective  vertical  angles  are  taken  from  a  table  in  which  allow- 
ance is  made  for  the  curvature  of  the  earth,  refraction,  etc.  The 
results  are  the  differences  in  elevation  between  the  station  and  ob- 
served points.  They  find  that  in  the  vertical  angle  work  ver>- 
long  shots  are  not  desirable;  that  there  is  a  limit  beyond  which 
the  work  does  not  check  very  well.  This  limit  is  about  eight  or 
ten  miles  for  the  scale  under  consideration.  Otherwise  the  vertical 
angles  check  remarkably  well,  usually  within  ten  feet;  in  fact, 
rarely  exceeding  that  limit. 

The  plane  table  work  is  verj-  good,  intersections  and  resections 
checking  almost  exactly.  Every  possible  advantage  is  taken  ai 
circumstances.  The  shots  to  the  important  stations  are  taken  in 
the  morning  and  evening  when  possible;  to  the  western  stations 
in  the  morning  and  to'the  eastern  in  the  evening,  when  the  sun  will 
be  shining  directly  on  the  object  and  not  into  the  telescope. 

Road  Traversing. 

The  instruments  ustd  in  road  traversing  are  the  traverse  table 
with  its  alidade,  and  a  buggy-wheel  which  is  used  in  measuring 
distances. 

The  traverse  table  consists  of  a  board  about  i8  inches  by  18 
inohes,  mounted  upon  a  light  tripod  similar  to  that  of  the  lai^e 
table.  The  board  has  set  into  it  a  declinatoire,  and  the  table  is 
always  oriented  by  its  means  unless  there  is  evidence  of  a  large 
amount  of  local  attraction.  This  necessitates  the  paper  being  fixed 
in  position.  The  alidade  is  merely  a  metal  straight-edge  to  which 
a  pair  of  compass-sights  have  been  attached,  with  the  line  of  sight 
parallel  to  the  fiducial  edge. 

The  buggy-wheel  is  measured,  usually  by  stretching  a  tape 
around  its  circumference,  and  its  revolutions  are  counted  by  the 
traverse  man.     This  method  is  found  to  be  as  accurate  and  much 
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more  convenient  than  any  odometer  or  cyclometer  in  use.  To 
assist  the  counting,  a  rag  is  tied  to  one  of  the  spokes.  The  scale 
used,  j-g^jfy.  is  divided  into  one  hundred  parts,  a  mile  being  taken 
as  the  unit.  The  number  of  wheel  revolutions  to  the  smallest 
scale  division  is  calculated,  and  a  small  table  is  made  to  convert 
wheel  revolutions  to  scale  divisions.  This  may  be  tacked  to  the 
traverse  table  for  convenience  in  using. 

Any  convenient  point  is  taken  as  a  starting-point,  and  its  posi' 
tion  is  assumed  upon  the  traverse  sheet.  Setting  up  at  this  start- 
ing-point, the  table  is  oriented  with  the  compass,  after  being  lev- 
elled by  the  eye,  as  there  are  no  level -bubbles.  Shots  are  taken 
down  the  road  or  roads  in  both  or  all  directions.  Then  getting 
in  the  buggy,  the  wheel  is  counted  to  the  next  turn  or  bend  in  the 
road.  The.number  is  noted  and  a  new  count  commenced,  which 
continues  until  the  second  bend  is  reached.  Then  the  table  is  set 
up  and  oriented  as  before.  We  have  plotted  the  first  line  of  the 
road  from  the  first  station.  Laying  off  the  distance  to  the  first 
bend,  we  locate  that  point.  Itut  the  road  is  straight  between  that 
point  and  the  point  at  which  the  table  is  now  set  up.  So,  resect- 
ing on  the  line  of  road  between  _them,  we  lay  off  the  second  dis- 
tance and  obtain  the  position  of  the  table.  By  repeating  this 
operation  a  road  may  be  run  for  any  distance.  After  all  the  roads 
in  the  vicinity  are  traversed,  they  form  a  network  which  checks 
and  ties  itself  tt^ether. 

While  the  road  traversing  is  going  on,  many  other  points  are 
located  off  the  road;  by  intersections,  in  the  more  accurate  loca- 
tions, or  by  offsets,  for  instance,  to  houses  close  to  the  road.  In 
this  way  streams  crossing  the  road  and  all  inhabited  houses  are 
located,  together  with  all  important  objects  which  may,  by  any 
chance,  have  been  located  by  the  large  plane  table.  Locations  off 
the  road  which  may  assist  the  topographer  are  also  taken.  These 
are  usually  the  tops  of  hills  or  points  lying  on  the  edge  of  a  bluff, 
etc.  In  some  cases,  when  a  piece  of  important  topography  lies  at 
a  distance  from  any  road,  the  traverse  man  may  go  so  far  as  to  run 
a  line  of  triangulation  over  to  it,  but  this  is  rarely  necessary. 

In  the  evenings  the  traverses  are  "  adjusted  "  with  the  assistance 
of  the  points  located  by  the  plane  table,  and  the  rood  skeleton  is 
transferred  to  another  sheet.  There  are  four  of  these  sheets  to  go 
with  each  plane  table  sheet,  each  75^  minutes  X^t.  by  7  J^  minutes 
Long,  (one-quarter  of  the  large  ^eet),  plotted  to  tiie  same  scale. 
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To  the  proper  one  of  these  quarter  sheets  are  transferred,  with  the 
assistance  of  tracing  paper,  all  the  points  located  in  that  quarter  of 
the  plane  table  sheet.  Then  a  small  portion  of  the  road  traverse, 
with  the  locations  which  the  plane  table  and  traverse  sheets  have 
in  common,  is  traced  very  carefully  and  laid  over  the  quarter  sheet, 
applying  common  points  to  each  other.  This  tracing  may  not  fit 
exactly,  but  it  is  adjusted  to  the  best  advantage,  and  the  points 
are  pricked  through.  All  the  matter  of  the  traverse  sheet  is  thus  ■ 
transferred  to  the  quarter  sheet,  and  it  is  then  inked  to  prevent 
erasure  or  smearing  in  the  process  of  stretching.  This  material 
furnishes  the  "  instrumental  control  "  on  which  the  contours  are 
sketched. 

Although  this  method  seems  very  rough,  it  is  surprisingly  ac- 
curate— practically  as -accurate  as  the  transit  and  chain  traverse, 
which  it  has  superseded.  It  has  the  decided  advantages  over  the 
transit  traverse  of  being  much  more  rapid  and  making  possible  the 
location  of  any  number  of  points  off  the  road.  If  any  mistake  is 
made,  the  adjustment  of  the  traverse  shows  immediately  where  it 
is,  so  that  it  may  often  be  corrected  without  going  into  the  field. 
With  the  transit  there  are  many  calculations  to  be  made  before  the 
traverse  can  be  plotted  and  used  by  the  topographer,  while  if  there 
is  a  blunder  it  will  perhaps  not  be  discovered  until  plotting,  which 
may  not  occur  until  the  following  winter.  Locating  points  off  the 
line,  too,  will  take  so  much  time  that  few  can  be  afforded. 

The  Sketching  of  Contours. 

The  topographer  sketches  on  these  quarter  sheets  contours  at  a 
vertical  interval  of  20  feet,  having  the  assistance  of  an  aneroid 
barometer  and  knowing  the  elevations  of  a  number  of  plane  table 
locations.     The  sheet  is  usually  tacked  to  a  small  board. 

He  starts  at  any  point  on  a  road  and  makes  as  small  a  circuit  as 
he  can,  following  roads ;  sketching,  as  he  goes,  the  contours  that 
cross  the  road ;  and  taking  his  elevations  from  an  aneroid  which  he 
has  set  to  read  correctly  at  a  point  of  known  elevation.  He  sketches 
these  contours  in,  as  far  as  he  can  follow  them,  on  each  side  from 
the  road,  using  the  points  located  by  the  road  traverses  and  plane 
table  to  check  his  bearings,  distances,  and  elevations.  Usually, 
by  the  time  he  has  completed  his  circuit  he  is  able  to  join  the  ends 
of  the  contours  drawn  from  different  sides,  and  finish  the  portion 
enclosed  without  leaving  the  road.     In  cases  where  the  enclosed 
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area  is  very  large  and  there  is  a  space  which  cannot  be  seen  from 
any  point  of  the  road,  he  is  obliged  to  walk  over  and  sketch  in  the 
omitted  part,  pacing  distances  and  checking  positions,  as  before, 
on  the  located  points.  The  work  is  greatly  strengthened  by  sketch- 
ing in  a  circuit,  as  it  enables  one  to  observe  the  contours  from  sev- 
eral different  points  and  modify  one's  ideas  to  fit  the  real  shape  of 
the  ground.  Joining  the  contours  sketched  from  different  roads 
is  also  a  good  check,  and  helps  the  work  done  from  both  roads. 
The  sketching  is  greatly  assisted  by  numerous  locations  off  the 
road  in  the  proper  places,  and  the  traverse  man  would  do  better 
to  have  too  many  auxiliary  points  than  too  few. 

The  aim  of  the  contours  is  to  give  a  correct  idea  of  the  form  of 
the  country,  and  in  order  to  do  so  the  topographer  occasionally 
exaggerates  slightly.  For  instance,  if  a  flat-topped  hill  has  a  knob 
at  one  end  that  does  not  quite  reach  a  certain  contour,  a  contour 
may  be  drawn  around  the  top  to  show  that  there  is  a  knob,  and 
which  end  of  the  hill  is  higher. 

The  aneroid  is  set  at  the  beginning  of  the  day,  and  is  compared 
as  often  as  possible  with  known  elevations.  On  some  days  it 
stands  very  steadily  and  does  not  have  to  be  changed,  while  on 
others  it  has  to  be  continually  watched  and  reset  as  check-points 
are  reached  and  circuits  closed. 

Beside  sketching  the  contours  and  drainage,  the  topographer 
dots  in  the  woodlands  to  furnish  data  for  an  estimate  of  the  timber 
lands  of  the  United  States. 

The  sketching  is  by  far  Ihe  most  difficult  part,  and  to  sketch 
well  a  great  deal  of  experience  is  necessary.  The  object  of  the 
work  is  seen  at  a  glance.  Practice,  and  in  most  cases  a  great  deal 
of  practice,  is  the  only  means  which  will  enable  one  to  arrive  at  the 
desired  result. 

This  finishes  the  field  work. 

In  the  winter  the  quarter  sheets  are  fully  iilked  in,  and  photo- 
graphed down  to  a  scale  of  aaita  on  very  thin  paper.  These  photo- 
graphs are  then  transferred  to  the  final  sheet  by  blackening  the  back 
of  the  paper  and  tracing  over  the  lines  with  a  sharp  ivory  point. 
The  final  sheet  is  then  very  carefully  inked  in  and  lettered.  The 
field  work  should  be  carried  beyond  the  boundaries  of  the  quarter 
sheets  a  little  to  assist  in  joining  them  together.  The  finished 
whole  sheet  is  next  engraved  upon  three  copper  plates ;  one  for  the 
black,  for  "culture"  and  lettering;  a  blue  plate  for  water;  and 
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a  brown  one  for  the  contours.  From  these  plates  lithographic 
stones  are  prepared,  and  a  few  proofs  printed,  which  are  sent  for 
correction  to  the  topographer  who  made  the  survey.  When  the 
proofs  are  approved,  the  sheet  is  printed. 

This  memoir  was  written  from  data  obtained  during  a  stay  of  a 
week  with  a  party  at  work  on  the  "  Cohoes  sheet,"  consisting  of 
Mr.  Frank  Sutton,  topographer,  and  Mr,  Wheat  As  only  one 
party  was  observed,  the  methods  described  may  difTer  in  some 
slight  degree  from  the  general  practice  of  the  survey. 


A  MODIFIED  HOFMANN  APPARATUS. 

Bv  N.  HATHAWAY,  PH.B. 

The  figure  represents  a  modified  Hofmann  apparatus  which 
serves  also  as  a  voltameter  and  furnishes  either  electrolytic  gas, 
oxygen  or  hydrogen  as  required. 

The  tubes  A  and  B  are  graduated  from  the  upper  stopcocks  to 
50  c.c.  in  fifths.  The  tube  A  is  enlarged  at  D  so  as  to  contain  the 
two  platinum  electrodes.  The  level  and  overflow  tube  C  is  sup- 
ported so  as  to  be  readily  raised  or  lowered  and  is  furnished  with 
a  stopcock  to  draw  off  superfluous  fluid. 

The  stopcock  E,  connected  with  the  three  tubes  by  rubber 
tubing,  is  so  bored  that  either  all  three  tubes  are  connected  or  the 
level  tube  C  is  connected  with  either  A  or  B.  This  permits  the 
evolved  gases  to  be  measured  at  the  pressure  of  the  atmosphere. 

The  apparatus  was  furnished  complete  by  Mr,  Emil  Greincr, 
of  New  York. 
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ON  EDUCATJON. 


(Address  by  Prof.  Anton  v.  Bieyer  on  his  inauguration  as  Reci»r  Mngnificu'i  of  the 
University  of  Munich,  November  25,  1S9Z.     A  neu'spnper  abstract.*) 

Tbanswteu  hy  graham  LUSK,  Ph.D. 

Prof.  V.Christ  (the  retiring  rector)  has  refcrred  to  the  instruction 
in  the  branches  of  natural  sciences  as  examples  of  what  should 
be,  and  has  especially  praised  Liebig's  laboratory,  saying,  with 
change  in  names,  what  Cicero  said  of  the  School  of  Socrates,  that 
from  it  went  forth  the  foremost  men  of  Greece.  This  high  praise 
of  Liebig's  laboratory  is  certainly  pleasant  to  one  who  has  devoted 
his  whole  life  to  keeping  alive  the  traditions  of  the  school  of 
Liebig.  It  seems  my  present  duty  to  explain  wherein  lies  the 
fundamental  superiority  of  this  system  of  instruction. 

If  Liebig  had  owed  his  reputation  as  a  teacher  to  his  attractive 
personality,  consideration  of  his  deeds  would  merely  have  histori- 
cal value.  But  his  methods  of  instruction  depended  upon  a  train 
of  thought  which  still  has  its  worth.  These  ideas  did  not  come 
gradually  to  Liebig  during  his  career  as  instructor,  but  they  were 
the  fruit  of  his  student  days,  derived  from  observation  of  his  own 
intellectual  developement  In  fact  there  is  no  better  way  to  learn 
how  to  teach,  than  to  query  how  one  learned  oneself. 

Liebig  was  the  son  of  a  dealer  in  dye-stuffs  at  Darmstadt,  and 
made  many  interesting  observations  in  his  lather's  laboratory.  On 
perusing  his  father's  books,  he  attained  the  faculty  of  "  thinking  in 
phenomena."  In  school  Liebig  was  a  poor  student,  and  once, 
after  a  severe  scolding  from  his  professor,  was  asked  what  he 
would  ever  amount  to  ;  his  answer,  "  I  will  be  a  chemist,"  brought 
forth  a  scornful  laugh.  Likewise,  in  the  apothecary's  shop  to 
which  Liebig  was  sent,  he  was  unsuccessful.  Helmholtz,  in  his 
address  on  his  seventieth  birthday,  tells  us  that  he,  like  Liebig, 
passed  badly  in  languages  and  history,  and  relates  how  during  a 
recitation  in  Cicero  he  studied  the  refraction  of  light  under  his 
desk.  On  consideration  of  such  facts  from  the  lives  of  great  men 
tike  Liebig  and  Helmholtz,  though  we  may  not  divine  the  receipt 
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for  developing  their  counterparts,  still  we  may  discover  valuable 
hints  for  university  education. 

The  great  fault  in  young  men  is  lack  of  interest  for  any  parti- 
cular subject.  We  hear  parents  complain  that  the  most  difficult 
thing  is  selection  of  a  calling,  and  usually  someexternal  influence 
causes  a  young  man  to  accept  this  or  that  occupation.  This  fail- 
ing has  often  been  referred  to  the  evil  influence  of  the  school,  but 
this  is  carrying  it  too  far.  Schools  certainly  labor  under  many 
deficiencies,  and  examples  like  Liebig  and  Helmholtz  are  not 
necessary  to  show  that  the  schools  alone  are  not  all-powerful  in 
youthful  devetopement.  In  my  opinion  the  fault  lies  in  our  manner 
of  life,  that  people  see  too  much  of  each  other.  The  youthful 
mind  must  have  quiet,  if  it  is  to  gain  interest  in  any  subject  The 
youth  should  be  alone  as  much  as  possible.  If  one  follows  the 
early  history  of  celebrated  savants,  one  finds  that  they  have  all 
sought  out  solitude.  Those  who  frequent  the  university  and  have 
no  decided  interest  for  any  subject  need  not  therefore  despair. 
There  is  a  possibility  of  winning  this  interest  even  in  later  years, 
but  if  the  awakening  comes  late,  a  special  concentration  of  the 
mind  is  necessary.  If  the  student  does  not  advance  so  that  ques- 
tions arise  which  he  seeks  to  answer,  then  he  can  never  fully 
enter  into  his  subject;  and  these  questions  can  only  arise  when, 
after  completed  work,  he  waits  in  quiet  for  them.  From  these 
questionings  comes  learning  itself.  Helmholtz  says  that,  as  far  as 
his  experience  goes,  great  thoughts  never  come  to  the  th-ed  mind, 
and  never  at  one's  desk.  He  describes  how  his  best  thoughts 
have  come  to  him  during  lonely  walks  in  the  woods — and  like- 
wise adds  that  the  smallest  quantity  of  alcoholic  stimulants 
frightens  them  away.  These  words  of  Helmholtz  should  be 
remembered.*  Hard  work  is  necessary,  but  that  is  not  enough. 
After  recuperation  from  the  work  there  should  follow  hours  of 
quiet  solitude  in  which  the  impressions  received  will  have  time  to 
arrange  themselves  in  the  mind.  Then  occurs  the  phenomenon 
which  we  like  to  compare  to  the  lifting  of  a  veil,  and,  entirely  of 

*  The  translator  has  often  met  Ptof.  Backer  walking  alone  in  the  ''Aniagen" 
secluded  parks  along  the  river  Isar  near  Munich.  The  professor  clearly  believes  the 
Irulh  of  at  lea$t  the  tir^tlialf  of  Goethe's  saving  : 
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themselves  new  ideas  spring  up  giving  inducement  to  renewed  en- 
deavor. 

The  home  discipline  of  Liebighad  most  to  do  with  his  failure  at 
school ;  under  better  influences  he  could  easily  have  accomplished 
his  tasks.  Liebig  afterwards  made  up  in  the  university  the  weak 
points  in  his  general  education.  His  further  advancement  was 
under  Gay-Lussac  in  Paris  and  Alexander  von  Humboldt,  both  of 
whom  exercised  powerful  influence  over  him.  Finally  Lrebig 
came  to  found  his  famous  laboratory  at  Giessen.  It  did  not  satisfy 
Liebig  to  draw  the  attention  of  his  students  to  the  more  modem 
facts,  but  he  wished  to  place  the  beginner  where,  out  of  the  whole 
historical  knowledge  he  could  select  the  truth.  First  well  educated 
in  the  older  literature,  new  ideas  did  not  originate  illogically,  but 
intimately  connected  with  the  older  views.  He  required,  there- 
fore, not  only  the  present  learning,  but  also  the  path  upon  which 
that  learning  had  been  (Stained,  After  this  manner  Liebig 
founded  the  principles  of  his  instruction,  now  more  and  more 
widely  adopted.  The  student  is  taken  back  to  the  position  of  the 
first  discoverer  before  his  discovery.  Seeing  with  the  older 
savant's  eyes  and  thinking  with  his  thoughts,  the  student  is  in- 
appreciably led  up  to  the  state  of  knowledge  of  to-day ;  the  same 
current  brings  him  still  further  and  gives  him  glimpses  of  fields 
still  unconquered. 

Liebig's  course  of  instruction  was  divided  into  two  parts,  one 
for  beginners,  the  other  for  advanced  students.  He  not  only  held 
lectures,  but  the  students  were  immediately  taken  into  the  labor- 
atory, and  there  was  likewise  constant  quizzing  on  the  part  of  the 
assistants.  A  further  detail  of  Liebig's  educational  system  was  the 
introduction  of  independent  scientific  research.  To-day  in  all 
well  organized  laboratories,  similar  work  is  carried  on.  This 
reformation  is  perhaps  the  greatest  achievement  of  Liebig,  and  we 
honor  him  as  the  model  of  a  German  professor. 
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ADDITIONS  TO  THE  BIBLIOGRAPHY  OF 
DR.  J.  S.  NEWBERRY. 

t^Conlinutd from  page  ttl.) 

The  following  additions  to  the  above  list  have  been  kindly  sug- 
gested by  Professor  L.  F,  Ward,  of  the  U.  S.  National  Museum, 
and  by  Professor  H.  L.  Fairchild,  of  Rochester,  N.  Y, 

"  Fossil  Plants  from  the  Ohio  Coal  Basin." — Annals  of  Science,  Vol. 
I.  (Cleveland,  1853),  pp.  2-3,  95-97,  106-108,  164-165,  268-270. 

"859. 
"Fossil  Plants  from  the  Cretaceous  of  Kansas  and  Nebraska"  (from 
a  lelter  to  Meek  and  Hayden).— Amer.  Jour,  Sci.  ii.,  XXVII.  (1859),  pp. 
31-35- 

1861. 
"The  Ancient  Vegetation  of  North  America." — Canadian  Naturalist 
and  Geologist,  Vol.  VI.  {Montreal,  1861),  pp.  73-80. 


"On  the  Age  of  the  Coal  Formation  of  China," — Amer.  Jour.  Sci., 
li.,  XLII.,  (i866),  pp.  151-154. 

1873. 
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Analytical  Chemistry,  E,  Waller. 

Distillation  with  Superheated  Steam.  Jaffe  {Berichle,  xxvi,,  123) 
describes  an  origiiial  arrangement  for  this  purpose.  At  the  end  of  a 
series  of  condensers,  etc.,  is  attached  an  exhaust.  The  distillation  is 
conducted  in  a  tubulated  retort,  through  the  tubulure  of  which  passes  a 
glass  tube  bent  at  a  right  angle.  The  open  external  end  of  this  tube 
is  close  to  a  Bunsen  burner,  so  that  by  the  operation  of  the  exhaust 
the  flanie  and  heated  products  of  combustion  are  drawn  through  the 
liquid  which  is  to  be  distilled. 

Purifying  Commercial  Zinc.  Lescoeur  {Comptes  Rend.,  cxvi.,  58). 
By  the  double  treatment  of  the  zinc  with  KNO,  and  then  fusion  with 
ZnCI,,  a  product  free  from  As,  Sb,  S  and  P  is  obtained,  It  may  still 
contain  Fe,  Pb,  Cu,  etc.,  but  is  suited  for  use  in  ihe  Marsh  appara- 


Sensitivi  Litmus  Solution.  LQttke  {_Aputkeker  Ztg.,  1891,  643).  Ex- 
tract 100  gms.  commercial  litmus  three  or  four  times  with  warm  water. 
Evaporate  the  extract  to  about  200  c.c.  Acidify  with  20  to  25  per 
cent.  HCl,  and  dialyse  through  parchment  paper  until  all  HCl  is  re- 
moved. The  remaining  solution  is  exceedingly  sensitive.  Precipitate 
with  alcohol  and  dry,  or  spread  on  glass  plates  and  dry  in  a  current 
of  CO,. 

Borax  for  Standardizing  Alkalimetric  Solutions.  RiiTibach  {^Berichte, 
xxvi.,  17).  Borax  recrystallized  twice  or  thrice  from  the  commercial 
sail  is  recommended.  One  gramme  of  crystallized  bnrax  will  neutralize 
5.2391  c.c.  of  normal  acid  or  one  litre  of  normal  acid  corresponds  to 
190.873  grammes  of  crystallized  borax. 

Preserving  Normal  or  Practional  Normal  Solutions  of  Oxalic  Acid. 
Gerland  {f.  S.  C.  I.,  yi.,  25).  The  addition  of  a  small  amount  of 
thymol  is  recommended.  The  agent  may  also  be  used  in  standard  so- 
lutions of  tartar  emetic. 

NessUr-re-agent.  deKoninck  {Pres.  Ztt.  Anal.  Chem.,  xxiii.,  188). 
This  reagent,  so  delicate  for  NH,  in  aqueous  solution,  gives  no  precipi- 
tate or  coloration  in  alcohol  solutions.  On  the  other  hand,  the 
presence  of  alcohol  does  not  interfere  with  Bohlig's  test  (HgCt,). 

Alkalies  in  Silicates.  Low  (Jour.  An.  and  App.  Ckem.,  vi.,  666). 
Treat  one  gramme  with  HF  and  H,SO,  in  a  platinum  dish.  Evaporate 
and  heat  until  fumes  of  SO,  nearly  cease  ;  cool ;  add  a  little  ammonia, 
and  boil.  Filter;  add  slight  excess  of  BaCI,;  boil  and  filter.  Evapor- 
ate to  dryness  in  platinum  dish,  and  heat  to   expel    ammonia  salts; 
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cool;  add  (NH,),CO,  and  ammonia;  boil  and  filter;  evaporate  to 
dryness  in  weighed  platinum  dish,  and  obtain  weight  of  combined 
chlorides. 

Determination  of  Potassium.  Hilgard  {Fres.  Zts.  Anal.  Chem.,  xxii., 
184)  ignites  the  K,P[C1,  to  decomposition  in  an  old  worn-out  platinum 
crucible,  the  lower  half  of  which  is  filled  with  Pt  sponge,  which  has 
been  healed  sufficiently  high  to  form  a  coherent  filtering  bed.  'I'he 
crucible  is  used  for  filtering  in  the  same  manner  as  an  ordinary  Gooch 
crucible.  The  KCl  resulting  from  the  decomposition  of  the  salt 
may  be  volatilized  partially  or  entirely  by  a  strong  heat,  instead  of 
washing  it  out.  The  contact  of  the  Pt  sponge  favors  the  decomposi- 
tion. After  igniting  and  weighing,  a  drop  of  strong  HCl  should  be 
added.  If  it  shows  a  yellow  color,  the  decomposition  was  incomplete 
or  some  iron  salt  was  present. 

Reduction  of  K,PtCU.  BoTntTS.gGr(pres.Zti.  Ana/.  C4«n.,  xxiii.,  188). 
Dissolve  in  hot  water,  and  add  solution  of  potassium  soap  (oieate).  The 
compound  precipitates  in  slimy  and  sandy  flocks,  consisting  of  a  double 
salt  of  KCI  with  platinum  oieate.  Decant  the  clear  solution,  transfer 
the  precipitate  to  a  platinum  crucible,  ignite,  wash  off  KCl  and 
weigh  Pt. 

Solubility  of  Chloroplalinates.  Peligot  {Monit.  Sci.,  vi.  [4],  872),  In 
one  litre  of  alcohol  of  strength  given  there  will  dissolve :  K,PtCl,, — of 
50  per  cent.,  0.6  gramme;  of  90  per  cent.,  o.i  gramme  ;  of  95  per 
cent.,  0,03  gramme.  Na,PtCl,, — of  60  per  cent.,  110  grammes  ;  of  95 
per  cent.,  22  grammes. 

Determining  Potassium  as  Penklorale.  Caspari  {Zts.  angew.  Chtm., 
1893,  68).  The  method  of  preparing  the  perchloric  acid  is  minutely 
described.  It  consists  in  heating  KClOj,  and  then  treating  the  result- 
ing material  with  HjSiF,. 

Potassium  may  be  separated  in  the  presence  of  most  of  the  bases 
usually  occurring,  as  well  as  in  the  presence  of  most  acids,  sulphuric 
only  excepted.  When  sulphates  are  present,  the  boiling  solution  of 
5  grammes  of  the  material  (about  150  c.c),  acidified  with  lo  c.c.  of 
HCl,  receives  the  addition  of  an  excess  of  Bad,,  is  cooled,  made  u]) 
to  a  convenient  bulk  (250  c.c),  the  precipitate  allowed  to  settle,  and 
aliquot  portions  taken  out  for  the  determination.  This  solution,  or  (in 
case  sulphates  were  not  present)  the  original  solution,  is  evaporated  un- 
til HCl  is  expelled,  the  mass  dissolved  in  20  c.c.  hot  water,  and  about 
I  ;4  times  as  much  perchloric  acid  added  as  will  suffice  to  combine  with 
all  the  bases  present.  The  mixture  is  then  evaporated  with  stirring, 
until  all  odor  of  Ht;!  has  disappeared  and  white  fumes  of  HCIO,  begin 
to  show.  It  is  then  cooled,  and  the  syrupy  mass  is  well  stirred  with 
about  2o  c.c.  of  97  per  cent,  alcohol  containing  o.a  per  cent  of  HCIO,. 
Wash  once  or  twice  with  this  alcohol,  decanting  upon  an  asbestos  filter. 
Warm  up  the  residue  to  remove  alcohol  and  heat  again  with  about  0.3 
gramme  HClOj  and  a  little  water,  and  wash  with  the  perchlorate  alco- 
hol as  before.  The  entire  amount  of  alcohol  used  in  washing  should  be 
35  to  70  c.c.     Larger  amounts  cause  error  by  dissolving  the  precipitate. 
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It  is  advisable  to  loosen  KCIO,  crystals  from  the  dish  (if  need  be)  by  a 
cleaD  finger  tip,  rather  than  by  use  of  much  alcohol. 

A/uminum  in  Stefl,  etc.  Schoneis  (Stakl und  Eisen,  xii.,  527),  Five 
to  ten  grammes  of  the  sample  are  dissolved  in  HNO,  (Gr.  ^  i.i)  in  a 
platinum  dish,  the  solution  evaporated  to  dryness  and  heated  to  expel 
N  oxides.  The  residue  is  pulverized,  fused  with  pure  KOH,  leached 
out  with  water,  and  the  Al  separated  as  hydrate  by  the  use  of  HCl  and 
ammonia.  In  the  ca.se  of  some  steels  the  ignited  precipitate  will  con- 
tain SiO„  which  must  be  removed  by  treatment  with  HFl. 

Analysis  of  Commercial  Aluminum.  Rossel  {Chem.  Zlg.,  xvi„  4). 
Dissolve  gradually  3  to  4  grammes  in  35  c.c.  of  30  to  40  per  cent.  KOH, 
without  filtering,  supersaturate  with  pure  HCl,  and  evaporate  to  dryness 
in  platinum.  Moisten  with  HCl,  lake  up  with  H,0,  and  filter  off  SiO,, 
The  reagents  must,  of  course,  be  free  from  SiO,.  For  Fe,  dissolve  in  the 
manner  described,  add  excess  of  dilute  H,SO,,  warm  until  the  solutJoii 
clears,  and  titrate  with  standard  permanganate. 

Ftrric  Oxidei  and  Alumina  in  Pkosphafes.  Smeihain  (^y.  S.  C.  I., 
xii..  Ill),  For  many  grades  of  phosphates  3  per  cent,  Fe,0,  and 
Al,Oj  is  allowed,  but  any  excess  counts  double  as  against  the  phosphate, 
i.g,.  a  sample  showing  80  per  cent.  Ca,(PO,),  and  3  per  cent,  Fe,0,  and 
Al,0,  would  be  invoiced  at  80  per  cent.,  but  if  it  contained  4  per  cent. 
Fe,0,  and  A1,0,  it  would  be  invoiced  at  78  per  cent. 

The  old  acetate  method  worked  upon  the  assumption  that  FePO,  and 
AlPO.are  insoluble  in  cold  acetic  acid  whereas  Ca,CP0J,  is  soluble, 
was  faulty  in  assuming  that  the  precipitate  consisted  of  normal  phos- 
phates aud  that  AlPO,  was  insoluble  in  excess  of  acetic  acid. 

Glaser's  method  as  modified  by  H.  H.  B.  Shepherd  (CT.  News,  Ixiii., 
351)  is  satisfactory  in  results  if  carefully  performed. 

The  author  usually  checks  the  Glaser  method  against  his  own  (acetate 
of  ammonia)  method.  This  consists  in  evaporating  a  grammes  with 
HCl, — taking  up  with  about  10  c.c.  of  HCl,  digesting,  diluting  and  fil- 
tering. The  solution  is  then  boiled  with  H,0,,  cooled,  and  dilute  am- 
monia added  until  a  slight  permanent  precipitate  is  obtained.  The 
solution  is  cleared  by  cautious  addition  of  HCl,  ammonium  acetate 
added,  and  after  stirring  it  is  set  aside  for  some  time,  when  it  is  filtered 
and  the  precipitate  washed  first  with  cold,  finally  with  hot  water,  dried, 
ignited  and  weighed.  This  precipitate  consists  of  ferric  and  aluminic 
phosphates,  with  some  calcium  phosphate.  It  is  dissolved  in  dilute  HCl, 
citric  acid  added  and  then  (NHJC,0,.  It  is  boiled  and  neutralized 
with  ammonia,  and  then  rendered  distinctly  acid  with  acetic,  and  kept 
simmering  for  sometime,  which  separates  the  lime.  In  the  filtrate  P,Oj 
is  separated  by  magnesia  mixture,  and  in  that  filtrate  Fe  is  separated  by 
(NH,i,S,  the  AljO,  being  obtained  by  difference.  The  process  descril>ed 
bjf  Wyatt  f^Phosphatei  of  America)  did  not  give  very  satisfactory  re- 
sults. 

Separating  Iron  from  Alumina.  Bjrntrager  {Fres.  Zis.  Anal.  Chem., 
ixiii.,  187).  Precipitate  the  Fe,Oj  and  Al,0,  together,  ignite  and 
wigh.     Dissolve  in  HCl  (?),  render  nearly  neutral  with  KOH,  and  pre- 
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cipitatc  hot  by  addition  of  wlutton  of  potash  soap  (oleate),  filter,  wash 
the  precipitated  oleaies  with  hot  water  to  remove  KCI,  dry  off  the  most 
of  the  water  by  placing  in  a  desiccator  over  CaCI,,  Extract  the  Fe^Oj 
soap  with  hot  petroleum  and  then  ignite  the  A1,0,  soap  and  weigh  pure 
A1,0,.  The  petroleum  may  be  boiled  off  and  the  residue  ignited  to 
Fe,0,  if  a  direct  determination  of  that  oxide  is  desired.  Ferrous  iron 
may  be  separated  in  the  same  manner. 

Rough  Test  for  TiUtnium  in  Ores.  Rossi  {  Tram.  Am.  Inst.  Min.  Eng., 
February,  1893),  gives  the  following:  Heat  a  fragment  of  the  ore  to 
hardly  dull  red,  and  plunge  into  water.  The  piece  then  crumbles 
readily  on  the  slightest  shock  and  if  the  TiO,  present  is  6  to  zo  per  cent, 
or  more,  it  assumes  the  blue  color  of  blue  schorl  or  anatase  (octahe- 
drite).  If  the  blue  color  does  not  appear  TiO,  is  absent  or  present 
only  in  small  proportion. 

Manganese  in  Ores.  Low  {/.  Anal,  and  Apfi.  Chetn..  vi,,  663). 
The  solutions  necessary  are  permanganate  approximately  tenth  normal, 
oxalic  acid  (cryst.)  solution,  n. 46  grammes  per  litre.  These  should  be 
standardized  and  theit  relation  to  one  another  determined.  Cold  satu- 
rated solution  of  Br  in  water.  Dissolve  0.5  gramme  of  ore  in  a  flask  by 
use  of  5-10  c.c.  HCl  or  aqua  regia.  Heat  until  most  of  the  free  acid  is 
expelled.  Dilute  with  75  c.c.  H,0.  .\dd  excess  of  ZnO— boil ;  then 
add  (not  over  50  c.c.)  Br  water,  and  boil  out  excess  of  Br.  An  excess 
of  ZnO  should  still  remain.  Filter  and  wash  ;  return  the  precipitate  to 
the  flask— add  about  50  c.c;  dilute  H,SO,  (1 19).  Run  in  excess  of 
oxalic  solution  from  a  burette,  heat,  dilute  and  titrate  the  excess  of  oxalic 
with  the  permanganate.  The  analysis  may  be  carried  through  in  twenty 
minutes. 

Nickel  Determination.  Syssoyeff  {Monit.  Sci ,  vi.,  [41,  865).  The 
Ni  is  converted  into  2  KCy,  NiCy,  by  use  of  KCy  avoiding  an  excess. 
On  passmg  a  current  of  CI  through  this  solution  Ni,(OH),  is  precipita- 
ted. The  precipitate  is  collected  on  an  asbestos  filter  and  treated  in  a 
Lunge  nitrometer  with  a  strongly  acidified  solution  of  H,0  and  the  gas 
measured.  The  reaction  is  :  Ni,0,  +  H,0,=  1  NiO  +  H,0  +  O,.  A 
correction  must  be  applied  for  the  O  which  is  always  in  solution  in  the 
H,0,  solution. 

Management  of  the  Precipitate  Produced  by  ff^S  in  Acid  Solutions. 
Antony  and  Niccoli  {Gazz.  Chim.,  xxii  ,  408).  PtS,  and  Au,S,  are  only 
partially  soluble  in  (NH.XS. 

The  sulphides  are  boded  for  a  short  time  with  HCl  of  specific 
gravity  1,11,  air  being  excluded  so  far  as  possible.  This  dissolves  Sb, 
Sn,  Br,  Cd  and  Pb.  The  insoluble  sulphides  remaining,  after  thorough 
washing,  arc  boiled  repeatedly  with  HNO3  (specific  gravity  i.z).  As 
and  Cu  are  dissolved,  while  Hg,  Au  and  Pt  sulphide  remain  undis- 
solved. The  other  operations  are  conducted  by  well-known  methods. 
In  the  first  operation  here  described,  the  exclusion  of  air  is  especially 
necessary  to  prevent  solution  of  Cu  in  the  boiling  HCl. 

Electrolytic  Copper.    Hampe(C4.  News,  Ixvii.,  loj),  finds  that  in  the 
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electrolytic  separation  of  Cii  from  a  sulphate  solution  containing  free 
HNO,,  Sb,  if  present  is  always  precipiied  simultaneously  with  the  Cu, 
the  amount  deposited  increasing  toward  the  end  of  the  operation. 

Lead  by  Eiectro/ytic  Separation  as  PbOy  \>\^&Wy  { J.  Anal,  and  App. 
Chem.^  vii„  5).  The  preclpitale  of  PbO,  by  this  method  may  be  con- 
taminated with  Bi,  if  that  element  is  present.  It  may  also  contain 
traces  of  Fe,  Sb  and  Sn. 

Volumetric  for  Mercury.  Namlas  {Gatz.  Ckem.  Jtal.,  xxi.,  361). 
The  Hg  must  be  in  the  form  of  HgCI,.  Titrate  with  standardized 
SnCI,  (2  to  4  grammes  of  the  metal  per  litre),  using  as  indicator  (iller 
paper  soaked  in  Na,MoO„  which  turns  blue  with  a  drop  of  the  solution 
as  soon  as  SnCI,  is  in  excess.     Hg,CI,  is  precipitated. 

Determination  of  Arsenic.  Backstroro  {^Fres.  Zis.  Anal.  Chem.,  xxxi., 
663),  The  sulphide,  separated  by  any  approved  method,  is  converted 
by^NO,  into  As,0,  and  the  H,SO,  expelled  by  careful  heating  at  a 
temperature  below  red  heat.  With  a  little  practice  the  intensity  of  the 
heat  may  be  kept  within  (he  proper  limits;  the  As,Oj  is  then  cooled 
and  weighed. 

Arsenious  and  Antimonious  Oxides.  A.  Baumann  i^Zts.  angew.  Chem., 
1892,  117)-  These  oxides  reduce  potassium  ferricyanide  in  alkaline 
solution.  Hence  a  known  amount  of  that  reagent  before  and  after 
reaction  with  either  As^OjOr  Sb,0,  evolves  different  amounts  of  O  when 
treated  with  HO       The  difference  in  the  amount  of  O  obtained  serves 


a^  ...t  i.i^<L^<..e  of  the  amount  of  As,Oj  or  SbX),  present  i  c.c.  oxygen;^ 
4.415  mgms,,  As,Oj  or^  6.4573  mgms.  Sb,0,. 

Tin  in  Bronze.  Dudley  (_/".  Anal,  and  App.  Ckem.,  vii.,  5),  remarks 
that  the  metastannic  acid  separated  by  dissolving  the  bronze  in  HNO,, 
etc.,  is  never  pure,  but  should  be  dissolved  in  (NH,),S  the  solution  fil- 
tered and  the  SnS,  re  precipitated. 

Western  Methods.  Croasdale  (/.  Ana/,  and  App.  Chem.,  vi„  671), 
The  tests  usually  made  on  ores  are  as  follows ; 

For  SiOj  and Ba  5(?j. ^Decompose  with  HCI  or  aqua  regia,  evaporate 
to  dryness,  take  up  wiih  strong  HCI,  filter,  wash  with  H,0,  then  with  hot 
solution  ofNH.CjHjOjto  remove  PbSO,,  then  with  hot  water,  ignite  and 
weigh.  If  BaSO,  is  present,  fuse  with  alkaline  carbonate,  leach  out  with 
water,  dissolve  residue  in  HCI,  and  precipitate  with  H,SO,.  The  mate- 
ria! left  by  the  first  evaporation  after  deduction  of  BaSO,  is  reckoned  as 
SiO„  H,SO,  being  added  (if  necessary)  while  evaporatiot)  is  in  order 
to  leave  all  lia  with  the  SiO,.  Slags  are  managed  in  essentially  the  same 


For  Fe. — The  filtrate  from  the  insoluble  residue  is  titrated  by 
K,Mn,0,  or  K,Cr,0,.  For  CaO  a  separate  portion  is  dissolved  in  HCI, 
with  addition  of  a  little  KC!0„  dilute  and  filter.  To  this  ammonia  is 
added  10  alkalinity  tlien  strong  oxalic  acid  solution  until  it  is  acid,  then 
ammonia  a  second  time  until  (he  solution  is  alkaline  or  until  a  brown 
color  is  produced,  when  it  is  rendered  acid  with  H,CjO,  boiled  and  fil- 
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tered.  After  thorough  washing,  the  precipitated  CaC,0^  is  dissolved  in 
hot  dilute  H,SO,,  and  titrated  with  standard  permanganate. 

Zn. — Von  Schultz  and  Low's  method  is  usually  used,  viii.  Quarterly, 
XIV.,  65. 

/"A— The  fire  assay  is  usually  the  standard  for  sales.  Various  wet 
methods  are  used.  The  most  common  one  is  the  KjCrjO,  method.  The 
Pb  of  the  ore  is  converted  to  sulphate,  filtered  off,  dissolved  in 
NH,C,H,0,and  the  solution  titrated  with  K,Cr,0,  using  a  spot  test 
with  AgNO,  as  indicator.  With  low  Pb  this  method  shows  about  3  per 
cent,  higher  than  the  fire  assay,  but  for  high  Pb  it  does  not  come  up  to 
the  fire  assay. 

Cw.— KCy  method  usually  used.  In  some  works  the  electrolytic 
method  is  used. 

Ml. — lies'  method  is  chiefly  used,  essentially  the  same  as  that  de- 
scribed by  Low,  vi{l,  supra. 

5.— Fusion  with  alkaline  nitrate  and  carbonate  is  used  by  some.  The 
methods  usually  preferred,  however,  consist  in  oxidizing  by  HNO,  with 
or  without  HCl.  KCIO,,  KBr,  etc. 

As. — Pearce's  Ag  method  is  usually  used.  The  neutralization  for  pre- 
cipitation, is  frequently  done  with  ZnO,  instead  of  ammonia. — Canby, 
Trans.  Mitt.  Eng.,  xvii.,  77. 

Determining  Fluorine.  Carnot  {Bull.  Si>e.  Chem.  [3],  ix.,  71),  The 
method  proposed  is  mixing  ihe  material  with  ten  times  its  weight  of 
finely  pulverized  quartz  mixed  with  one-fifth  its  weight  of  calcined  sil- 
ica (precipitated?)  0.2  grammes  of  material  if  chiefly  fluorspar  or  cry- 
olite, or  2  to  5  grammes  of  apatite  or  similar  material  mixed  with  :• 
grammes  of  the  quartz,  etc.  This  is  treated  with  absolutely  anhydrous 
,H,SO,at  a  temperature  gradually  raised  to  about  160"  C.  in  a  slow  cur- 
rent of  air,  dried  by  passing  through  cone,  H,SOj.  The  SiF^  is  passed 
(under  Hg)  into  a  20  per  cent,  solution  of  pure  KF.  Alcohol  is  then 
added  to  this  solution  and  the  K,SiF,  filtered,  washed,  dried  and  weighed. 
A  rigid  exclusion  of  all  aqueous  vapor  is  absolutely  essential.  A  blank 
should  be  run  preliminary  to  a  test.  If  chlorides  are  present,  a  U-tube 
containing  pumice  soaked  m  CuSOj  solution  and  dried  white  must  be 
interposed  in  the  train. 

Fluorine  in  Combustible  Gases.  Meslaus  (.5a//.  Soe.  Chem,,  ix.,  109). 
Organic  fluorides,  especially  the  ethers,  are  exceedingly  stable.  By 
burning  them  in  a  flask  in  presence  of  oxvgen  they  can  be  converted  to 
HF,  which  may  be  absorbed  by  a  solution  of  KOH  previously  intro- 
duced into  the  flask.  A  platinum  spiral  inside  the  flask,  may  be  heated 
by  an  electric  current  in  order  to  effect  the  combustion  after  the  mate- 
rials have  been  introduced. 

Fluorine  in  the  Ashes  of  Plants.  Ost  {Berielite,  xxvi,,  151),  describes 
a  method  by  which,  after  separation  of  the  Fl  as  CaFI,  mixed  with  some 
impurities,  the  amount  of  Fl  is  determined  by  the  amount  of  material 
removed  by  the  HFl  therein  from  a  weighed  amount  of  glass.  For  a 
full  account  of  the  process  the  original  paper  should  be  consulted. 

Phosphorus  in  Iron  and  Sleel,  etc.    Dudley  and  Pease  (_/.  Anal,  and 
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j4ff.  Cfiem.,  vii.,  108).  Dissolve  i  gramme  of  steel  in  a  10  or  iz  oz, 
Erlenmeyer  flask  by  the  use  of  75  c.c.  HNO,  (sp.  gr.  1.13).  When  so- 
luiion  is  complete  boil  one  minute,  and  then  add  10  c.c,  "  oxidizing  " 
K,Mn,0,  solution  (12.5  grammes  per  litre).  Boil  until  the  pink  color 
disappears,  then  add  little  by  little  crystals  of  FeSO,  (free  from  P),  to 
reduce  and  redissoJve  the  MnO,.  Avoid  adding  an  excess  of  FeSO,. 
Heat  the  clear  solution  to  185°  F. — add  75  c.c.  molybdate  solution. 
Stopper.  Shake  50  minutes,  let  stand  5  minutes  to  settle,  and  then  filter 
through  a  9  cm,  paper.  Wash  with  acid  (NHJ,SO,  solution,  until  the 
washings  show  no  coloration  with  (NH,),S.  Dissolve  in  30  c.c,  of  am- 
monia (i  :  5)  tunning  the  solution  back  into  the  original  flask.  Wash 
until  a  bulk  of  150  c,c,  is  obtained,  add  10  c,c,  cone,  H,SO^,  and  dilute 
to  200  c.c.  Pass  the  liquid  through  a  Jones  reductor  (preferably  the 
simplified  form).  Wash  until  the  bulk  ot  the  solution  is  400  c.c,  and 
then  titrate  with  standardized  KjMnjOj  (2  grammes  per  litre). 

The  molybdale  solution  is  made  up  with  100  grammes  MoO,  dis- 
solved in  400  c.c.  strong  ammonia  (sp.  gr.  0.96).  After  filtering  it  re- 
ceives the  addition  of  1000  c.c.  of  HNO,  (sp,  gr,  i.zo).  It  should 
stand  at  least  34  hours,  but  had  best  not  be  over  10  days  old.  Keep  in 
the  dark. 

The  acid  (NHJ,SO^  solution  for  washing  is  made  by  adding  27,5  c.c, 
strong  ammonia  to  500  c.c.  of  water,  then  24  c.c.  cone,  HjSO^  and  di- 
luting to  1  litre. 

The  simplified  Jones  reductor  consists  of  a  i»  or  ij-inch  length  of 
combustion  tubing,  fitted  at  the  upper  end  with  a  cork  carrying  a  fun- 
nel. The  tube  is  partly  filled  with  finely  divided  zinc.  At  the  bottom 
is  a  layer  of  coarse  sand  having  both  above  and  below  it  perforated 
platinum  discs.  The  lower  cork  carries  a  short  tube  which  passes  also 
through  the  cork  of  the  vacuum  fla.sk. 

The  original  paper  must,  be  consulted  for  directions  as  to  management 
of  the  reductor,  making  and  preservation  of  solutions  of  permanganate, 
molybdate,  etc, 

Carnot  (C  Rend.,  cxvi.,  105),  5  grammes  of  iron  or  steel,  or  a 
smaller  amount  (i  to  0.5  grammes)  of  phosphoriferous  cast  metals,  are 
treated  with  40  c.c,  of  HNO,  in  a  porcelain  dish  covered  with  an  in- 
vetted  glass  funnel.  When  effervescence  is  over,  add  2  c.c.  cone, 
HjSOj  per  gramme  of  metal.  Evaporate  at  a  gentle  heat  with 
constant  stirring.  The  mass  when  fairly  dry  is  heated  for  two  hours 
to  120-125°  *--■■  '''^"  redissolved  in  50  c.c.  of  boiling  water,  and  the 
SiO,  filtered  off  through  asbestos.  Adhering  MnO„  etc.,  may  be 
washed  off  with  cone.  HCI,  this  washing  being  kept  separate  from 
the  ■first  filtrate.  Dry,  ignite  off  the  graphite,  and  weigh  SiO,  (X 
0.4667  =  Si). 

To  the  first  filtrate  add  i  gramme  CrO,,  and  boil  for  thirty  min- 
utes. Then  add  60  to  80  c.c,  of  a  5  i>er  cent.  MoO,  solution,  and 
heat  to  100°  C.  for  two  to  three  hours.  Allow  to  settle  and  cool, 
decant  through  a  filter,  and  wash  with  lukewarm  water  containing  a 
little  molybdic  solution.  Dissolve  the  precipitate  in  the  flask  in  30  c.c. 
dilute  ammonia,  dilute  with  an  equal  volume  of  hot  water.  Rinse 
the  filter  with  dilute  ammonia  into  the  same  flask.  If  any  iron  re- 
mains on  the  filter,  dissolve  in  HNO,.     Neutralize  the  ammonia  solu- 
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tion  with  HNO„  keeping  the  solution  below  40*  C.  When  the  pre- 
cipitate begins  to  reappear,  unite  the  solutions.  Keep  at  40°  for  two 
hours,  then  filter  through  a  weighed  filter,  wash  with  dilute  HNO,.  dry 
and  weigh  the  phosphomolybdate  (  x  0,01628  ^=  P). 

Campbell  {Jour.  Anal,  and  App.  Chem..  vli.,  a),  gives  results  obtained 
in  examining  iron  ores  for  phosphorus,  the  points  sought  to  be  elucidated 
being  interference  of  As,  and  the  amounts  of  P  left  in  the  portion  of 
ores  insoluble  in  HCl.  The  method  used  was  drying  and  weighing  the 
phospho-molybdate  precipitate.  As  seemed  to  have  less  effect  than  is 
usually  attributed  to  that  element.  In  almost  every  caseasmall  amount 
of  P  was  found  in  the  portions  of  the  ore  undissolved  by  HCl. 

Babbitt  {Trans.  Aftter.  /nil.  Mtn.  Eng,,  February,  1893)  reports  the 
results  of  txperiments  with  Emmerton's  method  : 

1.  Arsenic,  if  present,  will  materially  affect  the  result,  unless  the 
temperature  is  kept  down  to  15°  C. 

2.  The  composition  of  the  precipitate  was  found  to  be  (NH,\0„ 
2'4  MoO„  P,Oj  (1.63  per  cent.  P). 

3.  The  reduction  was  effected  in  a  simplified  form  of  reductor.  The 
reduction  seems  to  go  to  a  point  intermediate  between  Mo,0,  and  Mo„ 
0„.  The  relation  of  Fe  standard  of  the  permanganate  to  the  P  Stand- 
ard is  1  ex.  :=  0.006436  Fo  =  o.oooi  P.,  instead  of  that  given  by  Em- 
mcrton,  i  c.c,  ^  0.006436  Fe  ^  0.0001  P. 

4.  Reduction  was  com|)lete  whether  two  or  twelve  minutes'  action  in 
the  redactor  was  permitted.  With  a  greater  speed  (thirty  seconds),  re- 
duction was  incomplete.  The  reduced  solution  showed  no  oxidation 
after  standing  for  half  an  hour. 

5.  A/IP  was  precipitated  by  five  minutes'  shaking  at  2$°  C. 

Phosphorus  in  Steel.  Wdowizewski  {Stahl  u.  Risen.,  xii.,  381),  de- 
scribes a  method  similar  in  most  details  with  that  of  Dudley  and  Pease 
up  to  the  point  of  precipitating  of  the  phospho-molybdate.  (HCl  is 
used  to  remove  the  MnO,  resulting  from  the  use  of  "oxidizing" 
K,Mn,Og  solution).  For  the  determination  of  the  P  however,  the  pre- 
cipitate is  dissolved  in  excess  of  standard  ammonia  solution  (i  c.c  := 
0.03534  per  cent.  P),  and  the  solution  titrated  back  with  standard  HCl.^ 

Zimmerman  [Stahl u.  Eisen,  xii.,  131),  describes  a  similar  method,  in 
which  the  precipitate  is  finally  rinsed  into  a  pycknometer,  and  its  weight 
found  by  weighing  the  apparatus  thus  charged  and  referring  to  a  table. 

Arsenic  and  Phosphorus  in  Iron-ores.  J.  and  H.  S.  Pattinson  (_/".  S. 
C.  /.,  xii.,  1 19).  Dissolve  3  grammes  of  the  ore  in  HCl,  evaporate  to 
dryness,  take  up  with  as  little  excess  of  HCl  as  possible,  dilute  with  hot 
water  to  30-50  c.c,  cool,  and  add  gradually  a  strong  solution  (500 
grammes  per  litre)  of  Na,SjO,  until  the  iron  is  all  reduced  ;  boil  to  expel 
the  most  of  the  SO,.  Keeping  the  solution  at  a  bulk  of  50-60  c.c, 
after  cooling  and  dilution  to  something  less  than  too  c.c.  5  c.c.  cone 
HCl  are  added,  and  (hen  about  0.1  gramme  powdered  ZnS  which  pre- 
cipitates ASjS,,  Cu  if  present  will  also  be  precipitated.  The  sul- 
phides and  SiO,  are  then  filtered,  washed  with  warm  water,  acidulated 
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with  HCI  (s  c.c.  in  100).  The  filtrate  is  bojkd  to  expel  H,S,  diluted 
with  cold  water  10  200-250  c.c,  and  Fe,CI,  added  in  sufficient  amount 
to  more  than  combine  with  all  ihe  P,Oj  present,  warmed  to  65-70°  C, 
and  precipitated,  CaCO,  added  until  fernc  phosphate  and  hydrate  arc 
precipitaled.  This  precipitale  filters  rapidly.  It  should  be  washed  with 
warm  (not  boiling)  water,  dissolved  in  HNO,  and  the  P,0(  separated  by 
molybdale. 

The  Ap,Sj  may  be  separated  from  admixture  with  the  SiO,  by  diges- 
tion with  (NH,),S,  oxidizing  to  H,AsO,  and  determining  as  the  Mg, 
compound.  For  the  P,  the  method  used  is  weighing  the  phospho- 
molybdate  precipitate.  The  time  necessary  for  estimation  of  phospho- 
rus is  put  at  something  less  than  two  hours,  exclusive  of  the  first  evapo- 

Bonc  Meal  ami  Simi/ar  Producii.     Hess  (Z/J,  angtw.  Chem.,  1893, 

74),  finds  that  it  is  very  difficult  to  get  uniform  samples  of  bone  meal, 
etc.  In  a  50-grammes  sample,  on  sieving  the  coarse  portion  showed 
22.08  per  cent.  P,Oj,  the  fine  18.89  P"  cent. 

The  method  recommended  is  to  treat  5  grammes  of  a  well  mixed 
sample  in  a  Kjeldahl  flask  of  300  to  350  c.c,  capacity  with  35  tx.  cone. 
H.,SO,  and  0.5  to  i  grammq  Hfi;0.  Boil  to  oxidize  as  in  (he  Kjeldahl 
operation,  cool,  dilute,  finally  bringing  to  a  bulk  of  500  c.c.  in  a  gradu- 
ated fiask.  Pipette  off  200  c.c.  after  settling  for  the  determination  of 
NH,  (nitrogen).  Take  another  50  c.c,  mix  with  50  c.c.  citric  acid  so- 
lution (Markers)  add  20  c.c.  magnesia  mixture,  and  determine  P,0,  as 

Siikon  in  Steeis  {Drown' s  Met/toil).  Dudley  {/our.  Ana!,  and  A  pp. 
Chem.,  vii.,  5).  After  dissolving  in  HNO,,  adding  H,SO„  and  evap- 
orating to  fumes  and  diluting,  if  the  solution  is  allow»j  to  stand  for 
some  time,  considerable  amounts  of  SiO,  are  redissolved. 

Micro-chemical  Test  for  Sulphur.  Emlch  {Fres.  Zis.  Anal.  Chem., 
xxiii.,  163).  A  small  amount  of  the  substance  in  fine  powder  is  placed 
on  a  microscope  slide,  moistened  with  a  drop  of  CaCI,  solution  (3  to  25 
per  cent.),  and  then  subjected  to  the  influence  of  Br  vapors.  If  S  or  a 
sulphide  is  present  CaSO,  forms,  and  the  crystals  may  be  readily  detected 
under  the  microscope.  A  long  list  of  substances  (59).  chiefly  minerals, 
but  also  including  ultramarine,  Na,S,0,  mustard,  etc. j  is  given,  in  which 
the  test  was  snccessfully  applied. 

Testing  Sulphuric  Acid  for  Hypo-nitric.  Wilson  {Pharm.  Jour,  and 
Trans.,  1890,54).  To  i  c.c.  of  the  acid  add  a  trace  of  resorcin,  dilute 
with  5  c.c.  ot  water,  and  shake  ;  the  least  trace  of  hypo-nitric  acid 
gives  a  yellow  coloration. 

Estimating  Nitrites.  Grossman  {Chem.  Zeit.,  xvi.,  818)  finds  that 
on  adding  dilute  H,SOj  to  a  boiling  solution  of  nitrite  this  reaction 
occurs :  3  NaNO,  -|-  H,SO.  =  Na,SO,  -f  NaNO,  -f-  2  NO  +  H,0. 
By  using  normal  or  fractional  normal  H,SO,  the  determination  can 
be  effected.  The  acid  should  be  standardized  against  nitrite  of  known 
purity.     If  the  commercial  sample  tested  contains  free  or  carbonated 
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alkali,  this  should  be  determined  by  a  titration  in  the  cold  and  a  cor- 
rection made. 

Oxygen  in  Lead.  Lunge  and  Schmid  {Zls.f.  Anerg.  Cfiem.,  1893,  II,, 
451).  The  method  pursued  is  lo  |)ass  H  through  the  molten  lead 
and  weigh  the  water  produced.  The  H  is  purified  by  passage  through 
NaOH  solution,  then  through,  solution  of  PLO  in  KOH,  then  through 
AgNOj,  then  cone.  H,SO„  then  thmugh  a  tube  containing  platinized 
asbestos,  followed  by  H,SO,  and  U-tiibes  containing  P,Oj,  and  after 
this  purification  it  is  passed  through  the  lead,  kept  melted  in  a  hard 
glass  tube,  and  the  resulting  water  collected  for  weighing  in  a  U-tube  con- 
taining PjO,. 

Constituents  of  Salt  Brines  J.  and  S.  Wiernik  (^Zts.  angew.  Ckem., 
1893,  43).  Considering  only  the  chief  constituents  NaCI,  MgCI,, 
CaSO,,  MgSO,  and  Na,SO,,  three  different  rules  for  the  grouping  of 
the  amounts  of  elements  and  acid  radicals  found  are  given. 

1.  Fresenius,  Quant.  Anal.,  6th  ed..  11.,  390.  Calculate  SO,  to  CaO, 
then  to  MgO,  any  excess  of  SO,  to  be  calculated  to  Na,SOj,  any  excess 
of  MgO  calculate  to  MgCL.  This  the  authors  call  the  "  MgSO, 
rule." 

2.  Bockmann's  rule  (Cliem.  Tethn.  UntersucK n,  3d  ed.,  I.,  294). 
Calculate  all  MgO  to  MgCI,.  the  CaO  with  SO,,  any  excess  of  SO, 
asNa,SO,  i  "the  MgClj  rule." 

3.  A  rule  in  vogue  with  some  French  salt  boilers  called  "  the  halving 
rule."  Calculate  half  the  MpO  as  MgCI,,  the  other  half  as  MgSO,. 
Reckon  SO,  remaining  to  CaO,  and  if  any  excess  of  SO,  remains  cal- 
culate to  Na,SO,, 

The  last  is  more  arbitrary  than  the  first  two,  but  seems  to  give  good 
results.  The  authors  recommend  evaporating  a  measured  quantity  of 
the  water  10  dryness,  extracting  with  alcohol,  and  examining  the  resi- 
due and  alcohol  extract  separately. 

Metali.orgv,  bv  Joseph  Strijthers. 

The  Electric  Telephone  Pyrometer  of  Hartmann  and  Braun.— 
The  pyrometer  consists  of  a  platinum  spiral,  whose  relative  electrical 
resistance  and  the  variation  with  the  increase  of  lemperautre  has  been 
accurately  determined.  The  spiral,  placed  in  the  lower  part  of  an  iron 
tube  serving  as  a  shield,  extends  as  far  as  the  flange,  and  all  below  this 
flange  is  introduced  into  the  furnace. 

Fio.  I. 


The  ends  of  the  spiral  are  joined  to  the  binding  posts  (P  P,  Fig.  i) 
by  thick  conductors  of  platinum.     The  changes  in  resistance  and,  con- 
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sequen(I>-,  the  temperature  are  read  off"  on  a  Wheatstone  bridge,  and 
two  of  the  three  known  resistances  are  altered  until  their  ratio  is  the 
same  as  that  between  the  pyrometer  and  the  third  resistance. 

This  equilibrium  can  be  made  apparent  by  the  use  of  a  galvanometer 
and  a  small  battery.  If  the  former  is  used,  there  should  be  no  de- 
flection. 

If  the  apparatus  is  exposed  to  jarring,  making  it  difficult  to  read  a 
galvanometer,  this  can  be  replaced  by  a  telephone,  and  a  small  induction 
coil  furnishes  the  necessary  alternating  current, 

Fio.  2, 


An  apparatus  of  this  kind  is  shown  in  Fig,  2.  The  battery  is  placed 
in  a  compartment  at  the  back,  and  is  used  to  run  the  induction  coil, 
which  is  shown  in  the  diagram. 

The  wire  connections  and  some  resistance  coils  are  placed  inside  the 
box.  The  two  variable  resistances,  previously  meutioned,  are  composed 
of  a  single  wire,  wound  on  the  periphery  of  the  graduated  disc,  partly 
visible  in  the  illustration,  and  this  wire  is  divided  into  two  parts  by  a 
small  contact  roller,  fastened  to  a  vibrating  arm.  The  proportion  be- 
tween these  two  parts  depends  upon  the  resistance  introduced,  and  the 
movable  graduated  disc  is  adjusted  by  means  of  the  large  milled  head, 
seen  on  the  front  of  the  box.  The  small  milled  head,  seen  at  the  right, 
is  used  as  a  contact  key. 
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The  telephone  is  seen  at  the  right,  on  the  top  of  the  box,  and  is  con- 
nected to  the  apparatus  by  means  of  a  flexible  cord.  The  pyrometer  is 
joined  to  the  apparatus  by  two  wires,  which  are  fastened  to  the  t«o 
large  binding  posts,  seen  on  the  left. 

Inorder  to  make  a  determination  the  current  is  turned  on,  the  induct  ion 
coil  started,  and  the  telephone  applied  to  the  ear.  If  a  sound  is  heard, 
which  is  generally  the  case,  the  large  milled  head  is  turned  in  one  or 
the  other  direction  until  the  sound  ceases. 

The  figure  on  the  circular  scale,  opposite  a  stationary  pointer,  seen  in 
front,  gives  directly  the  temperature  sought  in  Celsius  degrees. 

The  galvanometer  used  with  the  apparatus  is  shown  in  Fig,  3. 

Fig.  3. 


i  ac.«d  size. 

It  is  of  the  Deprez  and  D'Arsonval  type,  and  is  convenient  because 
it  is  portable,  quickly  set  up  and  suitable  for  this  kind  of  work. 

This  pyrometer  can  be  used  for  temperatures  as  high  as  r5oo°,  but  if 
the  temperature  is  over  1000°,  the  iron  tube  or  case  should  be  replaced 
by  one  of  platinum. 

The  instrument  can  then  be  used  as  a  Telepyrometer,  and  the 
measuring  apparatus  may  be  set  up  in  an  office  or  other  convenient 
place. 

In  regard  to  the  durability  of  the  apparatus,  it  is  claimed  that  the 
spiral,  after  many  years'  use,  does  not  vary  in  its  electrical  resistance  or 
temperature  co-eflicient,  and  that  under  the  same  circumstances  it  yields 
comparable  results. — Translated  from  Stahl  und  Eisen,  July,  1892. 

Calculation  of  Flame  Temperatures. — By  E.  Blass,  {Iron),  Feb- 
ruary, 3,  1893. — The  author  records  results  of  extended  experiments  on 
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heat  attainable  by  gas  flames.  He  was  tndiice<)  to  undertake  these  inves- 
tigations from  the  fact  that  platinum  can  be  brought  to  a  welding  heat, 
but  cannot  be  melted  in  a  crucible  furnace  by  combustion  of  cold  gas 
with  cold  air,  which  should,  according  to  the  old  formulas,  give  a  sen- 
sible temperature  of  2.650°  C,  which  is  far  above  ihe  melting  point  of 
the  metal  (1.775°  *"■'  "^  determined  by  Violle),  This  difference  is  due 
to  the  assumption  that  the  specific  heats  of  the  products  of  combustion, 
H,0  and  CO,,  are  constant,  whereas  these  values  actually  change  very 
rapidily  with  increased  temperature  in  both  gases,  the  expression  of  their 
mean  value  being  {Le  Chalelier)  : 

CO'.    C  =0.188  +  0.0002731  —  0.00000005371'. 
H,0.  C  =0,420  -I- ojx>0364t. 

Calculated  in  this  manner  the  temperature  attainable  by  burning 
water  gas  with  air  is  approximately  1700°,  a  result  sufficiently  near  to 
the  value  obtained  by  Violle's  direct  experiments  to  establish  the  prob- 
able correctness  of  the  Le  Chatelier  formula.  In  order  to  lest  this 
point  more  completely,  a  set  of  experiments  have  been  carried  out  by 
the  German  Iron  Smelters'  Society  and  the  European  Water  Gas  Com- 
pany with  water  gas  supplied  by  Messrs,  Schultz,  Knaudt  &  Co.,  a  fuel 
selected  as  being  of  simple  and  uniform  composition.  The  apparatus 
consisted  of  a  four-tuyere  crucible  melting  furnace,  containing  an  empty 
stee!  melting  crucible,  with  four  tubes  perforating  the  sides  at  right 
angles  to  each  other.  Three  of  these  tubes  contained  pyrometers,  while 
Ihe  fourth  took  off  a  portion  of  the  products  of  combustion  to  a  con- 
denser and  gas  meter,  in  order  to  determine  its  composition.  The  gas 
supply  was  measured  by  two  gas  meters  of  50  and  100  cubic  metres  ca- 
pacity per  hour  respectively,  and  the  air  supplied  by  Root's  blowers 
driven  by  variable  speed  pulleys,  each  step  corresponding  to  a  difference 
of  100  cubic  metres  per  hour. 

The  composition  of  furnace  gases  was  educed  at  short  intervals  by 
analyses  of  samples  taken  directly  from  the  furnace,  as  well  as  from  the 
portion  collected  through  fourth  tube  by  the  naeter.  These  analyses, 
although  conducted  with  extreme  care,  showed  that  the  relative  propor- 
tion of  H,0  to  CO,  was  subject  to  variation  of  rather  wide  limits,  and 
that  gases  do  not  mix  as  rapidly  and  uniformly  as  they  are  generally 
supposed  to  do. 

The  pyrometers  used  were  :  1.  Wiborgh  air  thermometer,  which  can 
be  used  up  to  1200°  C.  2-  Le  Chatelier's  thermo-electric  pyrometer, 
available  up  to  the  mehing  point  of  platinum.  3.  Hartmann  & 
Braun's  telephone  pyrometer.  Besides  these,  Siemens's  calocimetric 
pyrometer,  Seeger's  normal  clay  cones,  Ducretel's  optical  pyrometer, 
and  Princep's  pyrometic  alloys  of  gold  and  platinum  (supplied  by  the 
Frankfurt  Gold  and  Silver  Refinery)  were  used  on  different  occasions. 

The  air  thermometer  of  Wiborgh,  though  most  exact  in  principle, 
was  not  very  satisfactory,  two  different  instruments  giving  dissimilar  in- 
dications without  it  being  possible  to  discover  the  cause  of  the  differing 
results.  The  telephone  pyrometer  was  found  to  be  very  convenient  to 
work,  but  was  destroyed  early  in  the  tests. 

The  Chatelier  pyrometer  is  easy  to  handle,  the  only  objections  raised 
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to  its  use  being  the  alteration  in  time  of  the  thenno  couple  and  the  fact 
that  the  galvanometer  is  so  sensitive  to  vibrations  that  it  can  scarcely  be 
used  in  any  place  where  machinery  is  at  work. 

The  Ducretel  polariscope  is  scarcely  to  be  regarded  as  a  pyrometer, 
as  no  correct  measure  ot  temperature  could  be  obtained  from  it,  al- 
though in  experienced  hands  it  may  be  of  value  in  comparing  different 
sources  of  heat.  Considerable  experience  and  sensitiveness  of  the  ob- 
server to  slight  changes  of  color  are  essential  features.  Princep's  alloys 
gave  results  agreeing  very  well  with  the  Le  Chatelier  pyrometer. 

When  the  apparatus  was  linally  gotten  in  good  working  order  experi- 
ments were  made,  each  extending  over  a  period  of  eight  to  ten  houi^. 
The  results  are  tabulated  as  .follows; 


Temperatur 
Observed ... 


Calculated  by  I 
lew  formula...     ' 


Calculated  by| 
old  formula. 


In  the  fifth  experiment,  with  gas  and  air  in  proportions,  for  theoreli' 
cally  perfect  combustion,  the  loop  of  the  thermo  pile  in  the  platinum 
rhodium  alloy  was  twice  melied,  but  a  platinum  wire  of  i  millimetre 
diameter  and  a  gold  platinum  alloy,  No.  24,  whose  reputed  melting 
point  is  1690°,  showed  only  superficial  fusion. 

The  sixth  experiment  was  made  by  Mr.  Dicke,  at  Mr,  Pintsch's 
works,  the  gas  being  burned  with  air-heated  to  840°  C.  In  this  case 
the  platinum  was  completely  melted,  the  temperature  realized  being 
more  than  sufficient  for  the  fusion  of  the  best  Dahlhausen  firebricks  and 
could  only  be  resisted  by  a  magnesite'  lining  lo  the  furnace.  A  point 
of  interest  in  experiment  II.  is  the  circumstance  that  both  copper  and 
iron  were  oxidized  in  the  flame,  although  the  latter  contained  about  40 
per  cent,  of  reducing  gases  (carbonic  oxide  and  hydrogen).  It  is  evi- 
dent, therefore,  to  obtain  a  dame  in  which  iron  will  not  oxidize,  the  gas 
must  be  present  in  large  excess,  as  in  I.,  where,  however,  the  heat  real- 
ized is  too  low  for  any  but  limited  purposes.  The  author  suggests  that 
possibly  a  non-oxidizing  white  heat,  or  1400°  might  be  realized  by  the 
conditions  of  experiment  I.  if  both  gas  and  air  were  brought  to  a  tem- 
perature of  1000°  before  combustion. 

In  order  to  form  an  idea  of  the  temperature  attainable  by  the  com- 
bustion of  different  mixtures  of  gases,  the  author  has  compiled  the 
following  table  of  theoretical  temperatures.  The  fuel  is  assumed  to  be 
chemically  pure : 
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G«»d.ir 

^",tU: 

'ir,'.::^: 

Producer-gas  J^  vol.  CO  +  ^  vol.  N 

"450 

«750 

3160 

Water  gas  >i  vol.  CO  >i  vol.  H 

.875 

2270 

2400 

H 

1650 

1970 

2140 

CO 

•95S 

2390 

2570 

When  the  above  value  for  theoretical  water  gas,  1875°  C,  is  com- 
pared with  the  1690'  C.  found  by  experiment,  the  difference  is  only 
185°,  or  about  10  per  cent,  whereas  the  difference  between  2160°,  cal- 
culated for  producer-gas,  and  1500°,  observed  by  I^  Chatelier  as  the 
maximum  heat  of  the  Siemen's  furnace,  is  660°  C.  and  represents  nearly  30 
per  cent.  The  reason  for  this  is  to  be  sought  not  in  the  non-development 
of  the  calorific  value  of  the  fuel  in  practice,  but  in  retarded  combusiion, 
owing  to  the  gradual  mixture  of  air  and  gas,  so  that  the  heat  is  dis- 
tributed over  a  large  area,  with  a  corresponding  diminution  of  maxi- 
mum intensity,  whereas  when  gas  and  air  are  burned  under  the  condi- 
tions of  the  experiments,  both  being  supplied  under  pressure,  combina- 
tion is  rapidly  effected  with  the  result  of  producing  a  focus  of  intense 
temperature. 

Lead. — Use  of  Burnt  Lime  in  Lead  Blast- Furnaces.  S.  E.  Brcther- 
ton  {£.  and  Af.  /.'),  March  4,  1893,  has  used  burnt  lime  for  over  eight 
years.  Its  advantages  are  ;  1.  No  crushing  or  sledging;  2.  Furnace 
keeps  open  better,  slag  cleaner  and  less  wall  accretion  ;  3,  More  ore  can 
be  smelted  with  same  labor  and  fuel  than  can  be  smelted  with  lime  rock, 
at  less  cost.  Suppose  a  thousand  pound  charge  required  150  pounds 
CaO  net.  By  using  a  limestone  flux  of  53-86  per  cent.  CaO  and  i  per 
cent.  SiO,  (52  per  cent.  CaO  net),  it  would  require  the  following 
amount:  288  pounds  of  flux,  712  pounds  of  ore,  total,  1000  pounds.  If 
the  limestone  is  burnt,  its  composition  becomes  CaO  96.72  per  cent., 
SiO,  2  per  cent.,  with  net  CaO  at  93  per  cent.  With  this  material  the 
thousand  pound  charge  would  then  be  839  pounds  of  ore  and  i6r 
pounds  of  burnt  limestone.  In  this  manner  127  pounds  more  of  ore  can 
be  treated  with  same  labor  and  fuel,  and  in  addition  the  limestone  docs 
not  require  crushing. 

Copper. — The  Electrolytic  Refining  of  Copper.  Translated  from 
the  French  of  M.  Hippolyte  Fontaine.  Result  of  researches  made  by 
M.  Kiliani,  of  Munich,  on  action  of  copper  oxide  and  sulphide,  silver, 
gold,  platinum,  bismuth,  tin,  arsenic,  antimony,  lead,  iron,  nickel, 
zinc  and  cobalt. — Eng.  and  Mix.  Jour.,  March  11,  1893, 

Platinum. — ^The  Future  of  Platinum.  Discusses  production  and 
uses. — Eng.  and  Mtn.  Jour.,  March  4,  1893. 

Fuels. — An  Investigation  of  Coals  for  Making  Coke  in  the  Semct- 
Solvay  Ovens,  with  the  Recovery  of  Ammonia  and  Tar,  and  Remarks 
on  the  Sources  of  Ammonia.— By  J.  D.  Pennock. — Advance  sheets  of 
the  Montreal  Meeting,  February,  1893,  of  the  American  Institute  of 
Mining  Engineers. 
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Fuels, — Development  and  Condition  of  the  Coke  Industry  by  the 
Utilization  of  Bi-products. — B.  Lcistikow.  Descriptive  article  giving 
illustrations  of  the  Olto-Hoffmann  oven  and  condensing  plants.— /mr. 
Frank.  Inst.,  January,  1893. 

Blast  Heating  — Hot-Blast  Stoves.  Discussion  (continued)  of  Mr. 
Coffin's  paper  on  the  Hugh  Kennedy  Hot-Blast  Stove. — Advance  sheets 
of  the  Montreal  Meeting,  February,  1893,  of  the  American  Institute  of 
Mining  Engineers. 

Blast- FiTRN ACE. — Roasting  and  Smelting  Plant  at  Londonderry  Iron 
Works. — By  R.  G.  Leckie,  Illustrated  description  of  roasting  and 
blast-furnaces. — Transactions  of  the  Mining  Society  of  Nova  Scotia, 
January,  1893,  and  abstract  of  same  in  Amer.  Manuf.,  March  10,  1893. 

Blast- Furnace  Practice.— Titaniferous  Ores  in  the  Blast  Furnace. — 
By  Augusie  J.  Rossi.  Description  of  process  as  carried  on  by  the  Adi- 
rondack Iron  and  Steel  Co.  in  1848-52,  and  general  discussion  of  the 
use  of  such  ores  in  modern  practice,  supplemented  by  experimental 
tests  in  small  blast-furnaces. — Advance  sheets  of  the  Montreal  Meeting, 
February,  1893,  of  the  American  Institute  of  Mining  Engineers. 

Blast-Furmace  Construction. — Abstract  of  M.  Boivin's  paper,  in 
Comptes  Rttutus,  on  Construction  of  Hearth  at  Firminy,  The  hearth 
is  enclosed  in  segmental  annealed  steel  rings,  3  feet  3  inches  long,  5^ 
inches  thick,  19  inches  high,  and  total  height  of  8>^  feet,  extending  below 
hearth  level. — Amer.  Maraif.,  March  17,  1893. 

Cast  Iron. — Non-Uniformity  of  Iron  Made  in  One  Cast. — By  Mor- 
ton Stevens,  Results  of  tests  show  that  the  silicon  ran  high  in  beds 
near  the  middle  of  the  cast.  Analyses  quoted. — Amer.  Manuf.,  March 
'7.  '893- 

Cast  Iron.  Cupola  Practice. — The  Casting  of  a  Large  Sieam 
Cylinder.  An  illustrated  description  of  the  casting  of  a  48,000  pound 
cylinder  at  the  Wheeler  Condenser  and  Engineering  Works,  at  Car- 
teret, N.  J.,  on  January  a6,  1893.  The  size  of  this  cylinder  is  95  in- 
ches interna)  diameter  and  about  14  feet  high. — Scientific  American, 
March  11,  1893. 

Pig-Iron. — Locations  for  Pig-iron  Production. — John  Birkinbine, 
Mnsineerit-g  Magazine,  March,  1893. 

Pig-Iron. — Production  of  Pig-iron  in  the  United  Kingdom  for  1891 ; 

Forge  and  Foundry  pig-iron, 3,518.296 

Hematite  Pig-Iron 2,684,4S4 

Spiegel  and  Ferro, 153,446 

Bitic  Pig-iron,         ,        .         - 361,664 

ToUl 6,616,890 

— Amer.  Manuf.,  March  34,  1893. 
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Steel. — Bessemer  Steel  Production  of  1892,  ftom  Swank's  Reports: 

Pennsylvania, 2,3SS,oiz 

IlliDois, S8o,Z34 

Ohio 411,^2 

Other  Statei, 480,744 

4,160.97* 
CIipp-GriBitJi*, 67,536 

— Amer.  Mamtf,,  March  10,  1893. 
Steel.— ^Production  of  Steal  inlbe  United  Kingdom  for  1S92: 

£esEeniar  Steel  Ingots : 

Ton.. 

Acid ^       .       ,       .        1,202,027 

Basic 298,783 

Total 1,500,810 

Cessemer  Sleel  Rails,      , 535,836 

Number  of  Convenecs: 

Add.  Buic 

Operative,       ^ 45  17 

Woperotive,      ,        .        . 33  11 

Total 78  28 

— Am<r.  Manuf.,  March  24,  1893. 

Steel, — Steel  Making  in  the  South. — Editorial  article  on  steel 
manufacture  in  the  Sonthern  States;  gives  statistics  showing  the  great 
advance  in  recent  years  on  predHCtion  of  coke  pig-iron  and  the  station- 
ary production  of  charcoal  iron.  Criticises  the  South  for  making  no 
advance  in  the  manufacture  of  finished  iron  and  steel  goods. — Eng.  and 
Min.  Jattr.^  March  t8,  1S93. 

Stebl. — Observations  on  the  Relations  Between  the  Chemical  Con- 
stitution and  Physical  Character  of  Steel. — William  R.  Webster.  Rec- 
ord of  investigation  on  500  samp4cs  of  basic  Bessemer  and  basic  open- 
hearth  sted  of  constant  carbon  limits  and  variable  amounts  of  man- 
ganese and  phosphorus. — Advance  sheets  of  the  Montreal  Meeting, 
Febniary,  1893,  of  the  American  Institute  of  Mining  Engineers. 

Steel.  Pit  PRAcxiCE. — Improved  Steel  Casting  Ladle  and  Car- 
riage. Short  description,  with  illustration  of  ladle  manufactured  at 
Preston,  England,  in  use  at  several  steel  works, — Abstract  from  "In- 
dustries," Amer.  Mxnuf.,  March  17,  1893. 

Steel.  Prt  Practice, — Ingot  Moulds.  By  James  Riley, — A  paper 
read  before  the  West  of  Scotland  Iron  and  Steel  Institute,  February 
17,  18^3.  Advocates  the  use  of  the  ordinary  hollow  pyramidal  moulds 
in  an  inverted  position  with  larger  end  up,  and  claims  better  results 
from  rolling  ingots  cast  in  this  manner. — London  Iron,  February 
24,  1893. 
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Steel  Castings.— By  Sergius  Kern,  M.  K,  St.  Pfetersburg.  E>e- 
scribes  method  and  mixture  for  Russian  practice,  also  quotes  chemical 
analyses  and  mechanical  tests  on  open-hearth  steel. — Chem.  News, 
March  3,  1893,  Amer.  Mattuf.,  March  24,  1893. 

Steel.  Manganese  Steel. — By  Henry  M.  Howe.  Description  of 
preparation  and  discussion  of  its  physical  properties,  giving  tabular 
statistics  of  the  comparative  effect  of  varying  amounts  of  manganese. — 
Jour.  Fi-ankUn  Insl.,  February,  1893,  and  March,  1893. 

Stebl.  Analysis. — Method  of  Determining  Phosphorus  in  Steel. — 
C.  B.  Dudley  and  F.  N.  Pease.  A  descriptive  article  with  illustration 
of  mechanical  shaker  used  in.  the  method. — Jour.  Anai.  and.  App. 
Chem.,  February,  1893. 
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Alterwatino  Cuhrents  of  ELEcrmciTyr  Their  Generation,  Measurbmekt, 
DlsTRiBUTKiN  AND  APTLiCATiON.  By  Gisbeft  Ka|ip,  C.E,  Wiih  an  intro- 
dnction  by  Wm.  Stanley,  Jr.,  1893.  The  W,  J.  Johnslon  Co ,  Ltd.,  41  Park 
Row,  New  York  City.     Price  jl.oo. 

In  this  work  the  principles  of  alternating  currents  are  developed  in  so 
simple  a  manner  thai  it  can  be  followed  by  any  reader  who  has  mastered 
the  most  elementary  principles  of  electricity  ;  and  the  various  applica- 
tions are  sketched  in  a  broad  and  instructive  way  that  clears  anay  the 
many  difficulties  with  which  they  wece  supposed  10  be  surrounded.  The 
few  mathematical  formuUe  in  the  book  are  confined  to  appendices. 

Thefiist  four  chapters  are  devoted  to  the  explanation  of  alternating  cur- 
rents and  of  the  methods  of  measuring  them,  and  the  three  succeeding 
ones  are  on  the  principles  atiA  design  of  alternating  current  generators 
and  transformers.  Chapter  VIII.  is  on  central  stations  which  employ 
alternating  current  systems  and  Chapter  IX.  on  the  parallel  coupling 
of  alternators. 

The  remaining  chapters  treat  of  various  forms  of  alternating  motors, 
especial  attention  being  paid  to  the  explanation  and  discussion  of  poly- 
phase motors. 

The  treatment  throt^hout  is  practical,  and  the  data  and  discussion 
on  the  design  and  construction  of  apparatus  will  be  found  valuable  to 
the  less  advanced  electrician  and  designer. 

In  his  introduction,  Mr.  Stanley  refers  his  readers  to  papers  of  Dobo- 
wolsky,  Kelly  and  Steinmete,  for  information  on  points  relating  to  the 
variation  of  intensity  of  the  rotary  magnetic  fields  produced  by  poly- 
phase currents.  It  is  rather  surprising  to  notice  that  Mr.  Stanley  is  so 
Ignorant  of  the  fact  that  Dr.  Pupin,  in  his  paper  "  On  Polyphasal  Gen- 
erators "  {^Transactions  of  the  Am^tMn  InstilttU  of  EUctrual  Engi- 
neers, December  16,  1891),  was  the  first  to  point  out  certain  fallacies  in 
Dobowolsky's  reasoning,  with  reference  to  the  points  just  mentioned, 
and  that,  too,  several  months  before  the  authorities  whicli  he  cites  pub- 
lished a  word  about  this  matter.  M.  I.  P. 

(too. 

The  essentials  of  a  good  logarithmic  table  are  two  in  number  :  First, 
accuracy,  and  second,  convenient  arrangement.  The  continued  publi- 
cation of  new  sets  of  tables  is  therefore  to  be  deprecated.  First,  be- 
cause it  is  always  extremely  difficult  to  insure  complete  accuracy  of 
tabular  printed  matter,  and  secondly,  because  a  book,  which  is  other 
than  a  mere  copy  of  older  works,  is  certain  to  have  an  inconvenient  ar- 
rangement; for  convenience  depends  upon  custom,  and  now  that  we 
have  all  become  accustomed  to  an  accepted  arrangement  of  tables,  any 
very  new  departure  is  necessarily  troublesome,  and,  therefore,  inconve- 
nient. 
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With  regard  to  the  numerical  accuracy  of  the  book  under  disi 
it  is,  of  course,  impossible  Co  make  any  definite  statement.  At  all  events, 
the  author  admits  the  probability  of  error,  for  he  offers  to  pay  one  dol- 
lar for  each  mistake  discovered.  It  is  not  likely  that  any  one  will  find 
it  worth  while  to  hunt  for  errors  at  this  rate.  In  the  trigonometric 
tables  we  find  the  natural  functions  and  their  logarithms  arranged  in 
parallel  columns  of  the  same  table.  Probably  Professor  Jones  has  ac- 
customed himself  to  this,  but  we  venture  to  doubt  whether  most  practi- 
cal computers  would  find  it  to  their  advantage  to  do  likewise.  The 
interval  of  the  argument  is  one  minute  of  arc  throughout  the  entire 
table,  and  there  are  no  tables  of  proportional  parts.  In  addition  to  the 
usual  tables,  the  volume  contains  primes  to  30,000,  and  2000  quarter 
squares.  Interpolation  coefliciectts,  probability  tables,  and  "  constants " 
are  also  to  be  found  in  it.. 

Harold  Jacobv. 
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Notices  have  been  sent  to  all  graduates  calling  attention  to  a  dinner 
of  the  Alumni  of  ihe  School  of  Mines,  to  be  given  under  the  auspices  of 
the  Alumni  Association,  on  Thursday,  May  ii,  1893.  Further  notice 
is  to  be  given  of  final  arrangements. 

The  trustees  have  appointed  a  committee,  consisting  of  Prof,  Van 
Amringe,  Secretary  of  the  Faculty  of  Arts,  and  John  B.  Pine,  Clerk  of 
the  Board,  to  prepare  a  new  edition  of  the  General  Catalogue  of  Oi&cers 
and  Alumni,  to  be  issued  in  1894,  The  last  edition,  which  was  prepared 
by  Prof.  Van  Amringe,  contains  a  very  full  list  of  the  names  of  the  al- 
umni; but  it  is  proposed,  in  the  forthcoming  edition,  to  include  also 
the  addresses  of  the  alumni,  their  professions,  their  degrees,  the  colleges 
by  which  the  same  were  conferred  and  their  titles,  judicial,  military, 
clerical  or  other.  To  secure  this  information  will  be  a  task  of  consid- 
erable magnitude,  which  cannot  be  accomplished  without  the  assistance 
and  co-operalion  of  ihe  alumni.  It  will,  at  least,  be  possible  for  every 
graduate  who  reads  this  to  forward  lo  the  committee  his  own  name, 
with  the  name  of  the  school  from  which  he  graduated,  his  class,  present 
address,  his  degree  and  ofhcial  title,  if  any. 

All  communications  should  be  addressed  to  the  Committee  on  the 
General  Catalogue,  Columbia  College. 

On  March  21,  1893,  the  University  Council,  under  Chapter  XVII., 
Section  1  of  the  Revised  Statutes,  awarded  the  following  Fellowships: 

Reappointments. — H.  J.  Burchell,  Jr.,  A.B.,  Columbia  College,  1892, 
Subject,  Latin  ;  J,  A,  McLean,  A.B.,  University  College,  Toronto,  1892, 
Comparative  Jurisprudence;  J.  D,  Rogers,  A.B.,  Hamilton  College, 
1889,  Greek  ;  S.  H.  Rowe,  A.B.,  Vale  College,  1890,  Pedagogy ;  J.  K, 
Small,  A.B. ,  Franklin  and  Marshall  College,  1892,  Botany;  Francis 
Walker,  B.S.,  Mas'.achusetts  Institute  of  Technology,  1892,  Economics;. 
Asa  Wynkoop,  A-B.,  Rutgers  College,  1887,  Philosophy.  " 

New  Appointments. — George  H,  Batchelor,  A.B.,  Indiana  Univer- 
sity, 1892,  Finance  ;  L.  G.  Bugbee,  A.B.,  University  of  Texas,  1892, 
History;  C.  E.  Chadsey,  A.B.,  Leland  Stanford,  Junior  University, 
1892,  Finance  and  History;  Herman  S.  Davis,  A.B.,  Princeton,  1892^ 
Astronomy;  Emery  Allison  Drake,  A.B.,  St.  Xavier  College,  Cincin- 
nati, 1886,  Anglo-Saxon  ;  Henry  C.  Emery,  A.B.,  Bowdoin  College, 
1892,  Social  Science;  W.J.  Hannah,  A. B.,  University  of  Indiana,  i«9z, 
Social  Science;  Harwood  Huntington,  A.B.,  Trinity  College,  »884, 
Chemistry;  Caspar  Levias,  Columbia  College,  1893,  Oriental  Lwiguages  ; 
George  H.  Ling,  University  of  Toronto,  1893,  Mathematics  ;  William 
D.  Matthew,  Columbia  College,  1893,  Geology  ;  Albert  P.  Mathews,  B. 
S.,  Massachusetts  Inslilule  of  Technology,  1892,  Biology;  R.  A.  Mllli- 
kan,  A.B,  Oberlin  College,  1891,  Physics;  Heinrich  R.ies,  Ph. B.,  Co- 
lumbia College,  1892,  Mineralogy;  William  R.  Shepherd,  Columbia 
College,  1893,  History  ;  Arthur  B.  Simonds,  A.B.,  Harvard  University, 


ovGoo'^lc 


274  7//£  QUARTERLY, 

1891,  Romance  Languages;  Selden  L.  Whitcomb,  A.B.,  Iowa  College, 
1887,  Literature. 

Edward  Ferris  Weekes,  Class  of  '89,  School  of  Mines,  died  on  March 
26th,  after  ashort  illness.  He  was  born  in  Brooklyn,  January  23,  1869, 
and  was  a  brother  of  Chas.  Parker  Weekes,  who  was  accidentally 
drowned  while  on  a  canoeing  trip  last  spring. 

Mr,  Weekes  served  as  president  of  his  class  during  the  freshman  year, 
was  a  member  of  the  class  crew,  and  throughout  his  entire  course  took 
a  prominent  and  active  part  in  class  and  college  matters.  Soon  after 
graduating  he  entered  the  Department  of  Public  Works  in  the  City  of 
Brooklyn  as  Assistant  Engineer,  and  shortly  after  assumed  complete 
charge  of  the  extensive  contracts  (or  granite  repaving.  He  was  still 
connected  with  the  department  at  the  time  of  his  death. 

Department  of  Physics. 

During  the  current  year  many  new  and  instructive  experiments  have 
been  introduced  into  the  courses,  and  more  will  be  added  next  autumn. 
An  additional  room,  ftonting  on  Forty-Ninth  Street,  gives  a  much- 
needed  place  for  research  and  post-graduaie  work,  and  now  the  whole 
upper  floor  of  Hamilton  Hall  is  occupied  by  the  Physical  Department. 

At  present  the  laboratory  is  able  to  give  iis  1 10  students  all  the  i;sual 
facilities,  as  well  as  others  which  are  believed  to  be  unique  and  of  espe- 
cial value.  The  changes  in  the  courses  and  the  normal  growth  will 
throw  over  two  hundred  students  into  the  laboratory  next  fall,  with  a 
corresponding  increase  of  attendance  on  lectures,  a  figure  not  exceeded, 
if  reached,  by  any  other  physical  department  in  the  world. 

Department  of  Mineralogv  and  Metallurgy. 


A  volunteer  class  has  been  formed  in  this  department  from  second  year 
students  to  prepare  in  optical  mineralogy  and  crystallography  for  work 
next  year  in  lithology  under  the  geological  department.  It  is  proposed 
hereafter  to  allot  more  hours  to  mineralogy  in  the  first  and  second  years 
for  students  in  mining  engineering,  metallurgy  and  geology,  so  that  time 
may  be  secured  in  the  second  term  of  the  second  year  for  work  in  micro- 
scopic mineralogy  and  lithology  under  the  two  departments.  The  ordtr 
of  instniction  will  then  be  Blowpipe  Analysis,  Crystallography,  Descrip- 
tive and  Determinative  Mineralogy,  Optical  Mineralogy  and  Lithology. 

Mr.  Whitlock  has  painted  a  most  artistic  water  color  chart  of  the  re- 
actions of  the  volatile  elements  upon  charcoal  and  plaster  with  and 
without  fluxes.  This  is  to  be  exhibited  with  other  material  incidental  to 
determination  of  minerals  under  the  Department  of  Mines  and  Mining. 

A  complete  card  index  of  the  literature  of  mineralogy  and  crystallog- 
raphy is  in  course  of  preparation. 

The  following  new  or  rare  species  have  been  added  to  the  collection: 
Bobierrite,  Glasurite,  Monzonitc,  Offrelite,  Pinakiolite,  Edelite,  Svabite, 
as  well  as  about  three  hundred  handsome  specimens  of  minerals  previ- 
ously represented. 

The  department  received  one  of  the  University  Fellows,  Mr.  Hein- 
rich  Ries,  of  '92,  who  will  take  for  his  major  subject  the  amphiboles  and 
pyroxenes  of  New  York  State. 
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Mr.  Luquer,  Tutor  in  Mineralogy,  is  to  superintend  the  arrangement 
of  the  scientific  mineral  exhibit  of  the  University  of  the  State  of  New 
York  at  the  World's  Fair. 

Mr.  James  E.  Talmage,  of  the  Deseret  Museum,  Salt  Lake  City,  has 
sent  to  the  School  of  Mines  1000  pounds  of  crystals  of  selenite  from 
the  cave  at  South  Wash,  Utah.  One  of  these  has  been  described  by 
Prof.  Moses  in  Science,  April  »8th,  and  the  others  will  be  carefully  ex- 
amined and  described. 

Specimens  of  sodalite  presented  by  T.  D.  Ledyard,  from  two  new 
localities,  are  now  being  examined  by  Mr.  Luquer  and  Mr.  Volckening. 

The  department  acknowledges  the  following  gifts: 

G.  F.  Kunz,  three  anihophyllites  and  platinum  sands  and  concen- 
trates from  the  Ural,  with  pictures  of  the  platintim  mines. 

J.  E.  Talmage,  two  crystals  of  selenite,  one  zo  and  one  38  inches 
long,  from  Utah. 

E,  Cumenge,  large  number  of  crystals  of  the  new  mineral  boleite. 

A.  L.  Walker,  specimen  of  atacamite  from  the  Old  Dominion  mine. 

J.  H,  Erby,  erythrite  from  French  creek. 

Harbeson  and  Walker,  five  carbon  bricks. 

A.  M.  Hoyt,  five  cast-iron  art  castings  from  the  Urals, 

Tiffany  &  Co.,  one     "  "  "  " 

G.  F.  Kunz.  two        "  "  "  " 

W.  H.  Radford,  Class  of  '71,  collection  illustrating  the  hydraulic 
mining  deposits  of  California. 

W.  McConway,  twenty-five  specimens  illustrating  the  manufacture  of 
malleable  iron  castings. 

Department  of  Geology. 

The  evening  of  March  17th  was  devoted  by  the  New  York  Academy 
of  Sciences,  with  whom   the  Scientific  Alliance  of  New  York    City 

joined,  to  a  memorial  meeting  for  Professor  Newberry.  The  chief  ad- 
dress was  delivered  by  Professor  H.  L,  Fairchitd,  of  Rochester.  Letters 
were  read  from  college-mates  of  Dr.  Newberry  and  from  Professor  Van 
Amringe,  Professor  Edward  Orion,  Stale  Geologist  of  Ohio,  and  Sir 
Archibald  Geikie,  Director  of  the  Geological  Survey  of  Great  Britain. 
Remarks  were  also  made  by  various  friends.  The  proceedings  will  be 
published  in  the  Transactions  of  the  academy. 

The  department  received  one  fellow,  W.  D.  Matthew,  at  the  recent 
elections.  Mr.  Matthew's  thesis-subject  will  be  an  area  of  old  plutonic 
rocks  near  St.  John,  N.  B. 

Professor  Kemp  will  leave  about  June  1st  to  begin  the  regular  summer 
field-work  of  the  department  in  the  east_ern  Adirondacks.  June  and  Sep- 
tember will  be  devoted  to  this  work.  For  the  earlier  month  the  party  will 
consist  also  of  Matthew,  '93  ;  Pomeroy,  '93,  and  White,  '94.  We  also 
hope  to  hak-e  Dr.  C.  H.  Smyth,  Jr.  ('88),  now  in  charge  of  the  geologi- 
cal department  at  Hamilton  College,  with  us  for  a  time,  'Y\ie personnel 
of  the  party  for  September  is  not  yet  completed. 

Professor  Kemp  will  join  the  class  of  mining  engineers  the  last  week 
of  their  stay  in  the  coal  regions,  and  will  devote  a  week  to  field-work 
with  the  class.  Dips  and  strikes  will  be  recorded,  specimens  gathered, 
and  the  necessary  data  accumulated  for  a  geological  map  with  sections 
of  a  limited  area. 
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Mr.  Hollick  will  be  in  the  field  this  summer  in  further  work  upon  the 
eastern  exposures  of  the  Cretaceous,  upon  Long  Island  and  Martha's 
Vineyard.  The  collection  of  palaeobotanical  material  will  be  one  of  his 
chief  objects,  and  for  this  both  the  Cretaceous  and  the  later  formations, 
including  the  glacial  clays,  will  be  searched. 

In  connection  with  the  department  of  mineralogy  opportunity  for  a 
volunteer  class  in  microscopic  petrography  will  be  offered  the  third-yeat 
mining  engineers  next  year.  The  endeavor  is  being  made  to  find  a 
place  for  required  work  of  this  nature. 

The  fourth-year  class  in  economic  geology  has  been  recently  favored 
by  two  lectures  from  Dr.  W.  P.  Jenney,  '68,  upon  the  line  and  lead 
deposits  of  the  Mississippi  Valley.  Dr.  Jenney  has  been  studying  them 
for  the  last  three  years  uadcr  the  auspices  of  the  U,  S.  Geological 
Survey. 

1'he  department  has  lately  been  favored  with  several  gifts  and  loans 
of  photographs  of  mining  districts,  notably  from  Mr.  E.  E.  Olcott,  '74, 
and  Mr.  T.  J.  Jones,  '90.  Any  such  gifts  or  loans  are  extremely  accept- 
able and  are  used  for  I  an  tern -si  ides  with  the  classes. 

SvMMF.R  School  of  Surveying. 

The  Summer  School  of  Surveying  anticipates  the  largest  attendance 
in  its  history  for  the  ensuing  season.  Some  one  hundred  students  in  all 
are  expected.  This  is  partly  owing  to  larger  classes  than  in  previous 
years,  and  partly  to  the  fourth-year  class  going  to  camp  for  tW  first  time 


The  fourth-year  students  are  to  devote  their  time  exclusively  to  rail- 
road surveying,  and  it  is  expected  that  a  more  practical  training  will  be 
possible  than  by  former  arrangements. 

A  line  of  road  will  be  completely  surveyed  by  each  squad  of  a  length 
sufficient  to  bring  genuine  problems  of  location  before  the  students. 

The  arrangements  with  the  United  States  Geological  Survey,  whereby 
the  third-year  students  had  the  opportunity  at  the  end  of  their  regular 
course  in  surveying  to  join  a  topographical  party  in  the  field  for  a  week 
or  more  worked  very  satisfactorily  last  season,  and  will  probably  be  con- 

The  School  of  Sun-eying    will  be  in  charge  of  Prof.    Greenleaf  is 

formerly. 

Department  of  Astronomy. 

Prof.  Rees  has  received  a  generous  donation  from  Rutherfurd  Stuy- 
vesant  for  the  purpose  of  securing  a  Repsold  macro-micrometer.  This 
instrument  has  been  ordered,  and  will  be  delivered  in  about  eighteen 
months.     The  makers  are  the  renowned  RcjMolds  of  Hamburg, 

The  instrument  will  be  used  in  measuring  the  photographed  plates 
made  by  Rutherfurd,  and  which  he  did  not  measure.  It  will  also  be 
employed  in  measuring  new  plates.  Other  observatories  may  send  plates 
here  to  be  measured. 

The  long  expected  zenith  telescope  by  Wanschaff,  of  Berlin,  came  to 
hand  in  the  latter  part  of  March.  It  is  now  mounted  in  the  little  obser- 
vatory at  1  idth  Street  and  Tenth  Avenue.  Work  has  been  begun.  The 
purpose  of  the  observations  is  twofold ;  to  determine  in  connection  with 


ovGoo'^lc 


BULLETIN  OF  ALUMNI  AND  COLLEGE  NEWS.     277 

the  Royal  Observatory  at  Naples  (M.  Fegola,  director),  the  "variation 
of  latitude  "  and  the  "  constant  of  aberration." 

The  Italian  instrument,  which  is  in  all  respects  like  the  Columbia  zenith 
telescope,  will  be  ready  for  work  about  May  ist.  The  observatory,  in 
connection  with  the  New  York  Academy  of  Sciences,  has  published  Mr. 
Jacoby's  reductions  of  the  Rutherfurd  photographic  measures  of  the  stars 
about  I?  Cygni,  and  the  parallaxes  of /i  and  B  Cassiopeise  and  of  |8  Cygni  as 
determined  from  Rutheifurd's  observations. 

Department  of  Biology, 

The  Thursday  evening  lectures  conducted  by  different  members  of  the 
department  throughout  the  year  have  been  successful  in  point  of  atten- 
dance, and  it  is  proposed  to  continue  them  next  year,  when  they  will 
be  given  upon  Friday  evening,  as  Thursday  is  found  to  be  inconvenient 
for  many  of  the  students  in  the  college  and  School  of  Mines.  Arrange- 
ments are  being  made  to  publish  the  courses  which  have  been  given  this 
winter,  in  a  uniform  manner,  and  it  is  found  that  the  large  charts  which 
were  prepared  at  considerable  expense  expressly  for  the  lectures,  can  be 
reduced  by  photography,  and  make  admirable  illustrations  for  the  text. 
The  plan  of  these  lectures  is,  to  give  a  semi-popular  presentation  of 
recent  discoveries  in  different  branches  of  biology,  and  to  bring  the  sub- 
ject up  to  date —that  is,  to  give  more  recent  information  than  is  found  out- 
side of  the  various  scientific  periodicals.  It  is  believed,  therefore,  that 
the  lectures  will  attract  increasing  interest  and  become  a  permanent  fea- 
ture of  the  work  of  the  Biological  Department. 

The  investigations  going  on  in  the  laboratory  are  Aiainly  as  follows : 

Dr.  Osiborn  has  been  mainly  engaged  upon  the  new  collections  of 
fossil  vertebrates  in  the  American  Museum  of  Natural  History,  and  has 
recently  published  a  number  of  papers  in  the  bulletins  of  the  musehm, 
and  several  popular  articles  in  Aa/ure  and  the  American  Naturalist. 

Prof.  Wilson  is  completing  his  paper  upon  the  early  development  of 
the  Lancelet  (Amphioxus),  and  will  conclude  his  paper  with  a  descrip- 
tion of  the  bearing  of  the  experiments  which  he  has  carried  on  in  the 
early  stages  of  development  of  the  Lancelet  upon  current  theories  of 
heredity.  By  shaking  the  embryo  in  the  two-,  four-,  six-  and  eight- 
celled  stages  respectively,  he  has  succeeded  in  producing  out  of  a  single 
ovum  from  two  to  eight  individuals,  decreasing  in  size  proportionately, 
yet  each  presenting  all  the  characteristics  of  the  complete  individual  in 
reduced  form. 

Dr.  Dean  has  been  working  mainly  upon  the  additions  to  the  New- 
berrv  collection  of  fossil  fishes,  and  has  discovered  a  great  many  points 
of  the  greatest  interest  in  the  collection.  These  have  been  partly  put 
together  for  publication  in  a  coming  number  of  xh^  Joumalof  Morph-  , 
ology,  in  a  paper  relating  especially  to  the  origin  of  the  fins  in  Cladodus, 
and  a  large  memoir  is  in  preparation  upon  the  whole  collection,  which 
will  probably  be  offered  to  the  New  York  Academy  of  Sciences. 

Mr.  Willey  has  been  engaged  upon  the  ancestry  of  the  primitive  Ver- 
tebrates or  I^otochordata,  and  their  relations  to  the  Ascidians  and  other 
primitive  groups.  The  first  part  of  a  series  of  papers  has  been  published 
in  the  Quarterly  Journal  of  Micros<opical  Science,  and  will  be  reprinted 
in  the  forthcoming  studies  from  the  Biological  Department. 
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During  the  summer  eight  members  of  the  college  will  go  to  the 
Marine  Biological  Station  at  Woodi>'  Holl,  Massachusetts,  including  four 
of  the  instructors  and  a  number  of  students,  for  purposes  of  study  and 
original  investigation. 

The  laboratory  is  in  disorder  owing  to  the  introduction  of  the  electric 
lighting  system,  which  will  bea  very  great  improvement  when  it  is  com- 
pleted. The  cases  for  the  exhibition  of  the  Naples  and  Bahamas  collec- 
tions, the  latter  made  by  Dr.  Northrop,  School  of  Mines,  '90,  are  also 
at  last  in  place,  so  that  in  a  few  weeks  the  entire  arrangement  of  the 
laboratory,  which  has  caused  great  inconvenience  to  the  instruction  will 
be  completed  in  the  present  quarters. 

Electrical  Department. 

Laboratory  work  has  been  carried  on  during  the  second  term  with  even 
more  than  ordinary  vigor,  partially  because  the  third  year  raen  had 
reached  that  stage  in  their  electrical  course  where  practical  testing  of 
direct-current  dynamos  and  motors  requires  their  presence  in  the  labora- 
tory almost  every  day  of  the  week,  and  partly  because  the  men  of  the 
graduating  class  were  busily  engaged  in  finishing  the  experimental  part 
of  their  graduation  theses 

Most  of  the  men  of  the  graduating  class  have  already  obtained  very 
interesting  results,  of  considerable  practical  importance.  Their  inves- 
tigations have  reference  to  high-voliage  insulation  tests,  efficiency  of 
motor  transformers,  and  of  alternal:  ng-current  motors.  The  laboratory 
facilities  had  therefore  to  be  considerably  increased  to  enable  these  men 
to  carry  out  their  work  with  credit  to  themselves  and  to  the  depart- 
ment. 

It  is  a  very  encouraging  sign  to  observe  that  a  keen  spirit  of  original 
inquiry  exists  even  among  [he  younger  students  of  the  department.  It 
is  needless  to  observe  that  with  such  students  lecture-room  work  is  a 
great  pleasure  to  the  instructors. 

Professor  Crocker's  lectures  to  the  students  of  the  various  engineering 
departments  on  the  most  important  features  of  practical  electrical  en- 
gineering seem  to  be  very  popular  with  the  students,  judging  from  the 
attendance.  These  lectures  are  the  first  attempt  to  supply  what  was  long 
ago  felt  at  Columbia  College  to  be  in  strong  demand  m  all  engineering 
and  other  scientific  professions.  It  is,  however,  a  very  difficult  problem 
to  design  an  elementary  course  on  so  large  a  subject  which  would  be 
neither  too  broad  nor  too  narrow  for  that  class  of  students  who  wish  to 
gain  a  general  and  yet  perfectly  definite  knowledge  of  the  most  essential 
features  of  practical  electrical  engineering.  Professor  Crocker,  himself 
a  graduate  of  the  School. of  Mines,  is  eminently  fitted  to  design  such  a 
^  course  for  the  School  of  Mines  engineering  students,  and  it  is  a  great 
pleasure  to  all  friends  of  the  School  of  Mines  to  observe  that  these  lec- 
tures are  so  well  appreciated  by  the  students.  Mr,  Fteedman  has  been 
of  great  assistance  to  Professor  Crocker  in  this  difficult  enterprise. 

Professor  Pupin  is  fJublishing  a  series  of  articles  in  the  Atmrican  Jour- 
nal of  Science  on  "  Electrical  Oscillations  of  Low  Frequency  and  Their 
Resonance,"  The  first  article  appeared  in  the  April,  the  second  in  the 
May  and  the  third  article  will  appear  in  the  June  number.  He  has  also 
a  paper  on  ''  Resonance  Transformers  "  for  the  annual  meeting  in  May 
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of  the  American  Institute  of  Electrical  Engineers,  and  is  preparing  a 
paper  for  the  Electrical  World's  Congress  in  Chicago. 

The  main  results  of  Dr.  Pupin's  investigations  may  be  summed  up  as 
follows : 

I.  Every  electrical  circuit  has  a  natural  period  just  like  a  pendulum. 
This  period  depends  on  the  co-efficient  of  self  induction  and  the  capacity 
of  the  circuit,  and  on  nothing  else, 

3.  Every  electrical  circuit  can  be  taned  just  like  a  musical  instrument 
by  properly  varying  its  capacity  and  self-induction. 

3.  The  electrical  flow  in  circuits  is  maximum  when  the  periodically 
varying  impressed  electromotive  force  and  the  circuit  are  in  resonance. 

4.  When  the  impressed  electromotive  force  is  complex  harmonic,  then 
the  flow  can  be  made  to  follow  a  simple  harmonic  law  by  bringing  the 
circuit  in  resonance  with  any  one  of  the  harmonic  components  of  the 
complex  harmonic  electromotive  force. 

5.  In  mutually  inductive  circuits  resonance  of  one  circuit  does  not 
necessarily  interfere  with  the  resonance  in  any  other. 

6.  Resonance  is  usually  accompanied  by  a  targe  rise  of  potential  in 
the  condenser. 

7.  Electrical  resonance  offers  a  very  simple  and  very  effective  means 
of  transforming  low  into  high  potentials  and  %nce  versa. 

8.  Electrical  resonance  affords  simple  and  very  delicate  methods  to 
study  the  working  of  alternating  current  machinery  under  normal  con- 
ditions of  load. 

9.  Magnetic  circuits  consisting  wholly  or  even  partly  of  iron  modify 
these  results  considerably,  especially  at  frequencies  of  over  100  periods 
per  second. 

It  is  needless  to  observe  that  Professor  Pupin  held  frequent  confer- 
ences on  these  matters  with  the  students  of  the  graduating  class,  and 
that  these  conferences  were  appreciated  very  much  by  them.  These 
papers  contain  the  first  mathematical  analysis  of  the  famous  Tesla 
high-frequency  machine  and  induction  coils,  the  results  of  which  are  in 
perfect  accord  with  experimental  data.  Certain  changes  in  the  ar- 
rangements of  the  Tesla  circuits  were  suggested  by  the  theory  which 
which  will  be  tried  experimentally  very  soon  conjointly  by  Mr.  Tesla 
and  Dr.  Pupin. 

It  is  also  well  to  observe  that  these  experiments  enriched  the  depart- 
ment with  a  number  of  very  valuable  electrical  apparatus,  which  were 
bought  by  contributions  from  outside  sources. 

The  department  has  formed  a  very  complete  advanced  post-graduate 
course  in  Practical  and  Theoretical  Electrical  Engineering,  which  will 
be  offered  with  the  beginning  of  the  next  scholastic  year.  The  practical 
part  of  this  course  will  be  in  charge  of  Professor  Crocker,  and  will  be 
offered  among  the  University  courses  of  the  Faculty  of  the  School  of 
Mines.  The  theoretical  part  will  be  in  charge  of  ftofessor  I^ipin,  and" 
will  be  offered  among  the  University  courses  under  the  Faculty  of  Pure 
Science.    These  courses  lead  to  the  degree  of  Ph.D. 
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Sn  tlie  (Sit:  et  Kern  ¥ortt. 


Columbia  College  in  the  Citv  of  New  York  ai  the  present  time  consists 
_»  .1 .  .-.t .  .1  .  !■  .  ,_  .1 .  •  1 .  1  .  .1.  r.  1 ..  i_  -fj^  .  of  sundry  professiunai 
s.  and  (he  College  of  Fhy- 
siciBns  and  Surgeons,  admission  to  all  of  wKich.  aa  candidates  for  pTofessional  de- 
greea,  is  open  to  all  students  »hethet  or  rot  Ibey  are  collegehred  men ;  and  of  ihe 
University  Faculties  of  Law,  Medicine,  Mines  (Applied  Science),  Political  Science. 
Philosophy  and  Pure  Science,  which  conduct  all  courses  leading  to  the  university 
degrees  of  Master  of  Arts  and  Doctor  of  Philosophy, 

The  point  of  contact  between  the  college  and  ine  nniversity  is  the  senior  year  in 
the  School  of  Arts,  during  which  year  sludemii  in  ihe  School  of  Arts  pursue  Iheit 
studies,  with  the  consent  of  the  Faculty  of  Arts,  under  one  or  more  ot  the  Univer- 
sity Faculties. 

I.  THE  SCHOOL  OF  ARTS. 

The  School  of  Arts,  or  the  college  proper,  has  a  curriculum  of  four  years'  dura- 
tion leading  to  the  degree  of  Bachelor  uf  Arts.  Candidates  for  adtnission  to  the 
School  of  Arts  must  be  at  least  fifteen  years  of  age,  and  pass  an  ciamination  On 
prescribed  subjects,  the  particulars  concerning  which  may  be  found  in  the  annual 
Circular  of  Information. 

II.  THE  UNIVERSITY  FACULTIES. 

The  University  Faculties  of  Law,  Medicine,  Mines  (Applied  Science),  Political 
Science,  Philosophy,  and  Pure  Science,  taken  together  Constitute  the  University. 
These  university  faculties  offer  advanced  courses  of  sludyand  investigalion,  respect- 
ively, in  (a)  Private  or  Municipal  Lav,  I*}  Applied  Science,  (<■)  History,  Econ- 
omics, and  Public  Law,  (J)  Philosophy,  Philology  and  Letters,  and  (e)  Pure  Sci- 
ence. Courses  of  study  under  otie  or  more  of  these  university  faculties  are  open  to 
members  of  the  senior  c!»ss  in  the  School  of  Arts  and  to  all  students  who  have  suc- 
cessfully pursued  an  equivalent  course  of  undergraduate  study  lo  the  close  of  the 
junior  year.  Tliese  lead  through  the  Bachelor's  degree  to  the  university  degree  of 
Master  of  Arts  and  Ehjctor  of  Philosophy. 

III.  THE  PROFESSIONAL  SCHOOLS. 

The  tirofeisional  schools  are  the  Schools  of  Law,  Mines,  and  Medicine,  lo  which 
all  students,  as  well  those  not  having  pursiieit  a  course  of  undergraduate  study  as 
those  who  have,  are  admitted  on  terms  prescribed  by  the  faculty  of  each  school  as 
candidates  (or  professional  degrees. 

1.  The  School  of  Law,  esUblished  in  1S5S,  offers  a  course  of  study  covering* 
period  of  three  year<,  and  designed  to  give  full  and  accurate  instruclion  in  the 
principles  and  practice  of  private  and  public  law.  The  degree  of  Bachelor  of 
Laws  is  conferred  on  the  satisfactory  completion  of  (he  course,  and  in  addition 
thereto  the  degree  of  Master  of  Arts  is  conferred  upon  college  graduates  who 
comply  with  the  conditions  prescribed  by  the  University  Council. 

2.  The  School  of  Mines,  established  in  1S64,  offers  Ihe  following  courses  of 
study,  each  of  fouryears'  duration,  and  each  leading  to  an  appropriate  profes^onal. 
degree,  namely,  Mining  Engineering,  Civil  Engineering,  Electiical  Engineering, 
Metallurgy,  Geology  and  Palaw>ntology,  Analytical  and  Applied  Chemistry,  Archi- 
tecture. The  degree  of  Master  of  Arts  is  conferred  upon  college  graduates  who 
comply  with  prescribed  conditions.  There  are,  also,  an  additional  course  for  grad- 
uates in  Electrical  Engineering,  and  a  graduate  course  in  Sanitary  Engineering, 
each  leading  to  an  appropriate  degree. 

3.  The  College  of  Physicians  and  Surgeons  offers  a  three  years'  course  of  study 
in  the  principles  and  practice  of  medicine  and  surgery,  leading  to  Ihe  di^rce  of 
Doctor  of  Medicine  (M.D.). 

SETH  LOW,  LL.D.,  President. 
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THE  RELATION  OF  THE  UNIT  STRESS  AND  CROSS- 
SECTION  IN  CURVED  MEMBERS. 

Bv  JAS.  L.  GREENLE.AF. 

The  expression  curved  members  is  intended  to  represent  the 
elaslic  arch  in  its  various  phases,  and  also  those  somewhat  rare 
cases  of  design  in  which  the  members  of  a  structure  subjected  to 
tension  or  compression  stress  are  intentionally  curved  out  of  the 
straight  line. 

Illustrations  of  such  construction  can  be  had  in  the  rafter  of  a 
small  roof  truss,  when,  as  occasionally  occurs,  it  has  been  designed 
in  a  curve  between  panel  points;  in  a  curved  column,  such,  for 
example,  as  an  I-beam  bent  over  to  act  as  a  small  crane,  and  in 
other  designs  now  and  then  met  with  in  practice. 

It  is  in  the  arch,  however,  that  we  find  the  usual  illustration  of 
the  term  curved  member,  for  the  principle  of  design,  "  directness 
of  stress,  and  simplicity,"  banishes  the  curve  between  panel  points., 
from  all  braced  structures  but  small  ones,  and  those  in  which  es- 
thetic considerations  may  predominate. 

When  under  stress  these  curved  members  are  subjected  at  any 
one  cross-section  not  only  to  a  direct  thrust,  or  possibly  tensionj. 
but  also  to  a  bending  moment,  because  of  the  eccentricity  of  the- 
line  of  the  resultant  of  the  external  forces  from  the  neutral  axis  of. 
the  section. 

It  is  desirable,  in  order  to  design  the  member,  that  the  combined-' 
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effect  of  the  force  direct  and  its  moment  at  any  cross-section  be 
given  in  one  formula ;  a  formula  expressing  the  relation  between 
the  unit  stress  exerted  on  the  fibres,  the  dimensions  of  the  cross- 
section  of  the  member,  and  the  resultant  of  the  external 'forces 
causing  the  stress. 

Having  a  general  formula  of  this  nature,  it  is  a  simple  matter  to 
dimension  curved  members,  provided  the  resultant  of  the  external 
forces  acting  upon  the  member  at  any  section  can  be  located. 

The  complete  determination  of  this  resultant  is  easy  enough  in 
the  rare  case  of  a  curved  strut  pinned  at  the  ends,  but  it  offers  in* 


Sta^UL^MfH^^ 
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tricate  problems  if  the  strut  is  fixed  at  the  ends.  In  the  case  of 
the  arch  the  resultant  of  the  external  forces  is  found  in  the  "  spe- 
cial equilibrium  polygon,"  which  is  located  by  different  but  well- 
known  methods  for  the  rigid,  the  two-hinged,  and  the  three-hinged 
elastic  arch. 

Turning  attention  for  the  present  to  the  general  formula  for  unit 
stress.  Figs.  I  to  4  illustrate  the  way  in  which  the  actual  unit 
stress  in  a  cross-section  of  the  member  is  combined  from  those 
due  to  direct  thrust  and  bending  moment  separately. 

Let  P  denote  the  resultant  of  the  external  forces  acting  on  the 
section ;  in  the  case  of  the  arch  it  is  represented  by  the  line  of  the 
equilibrium  polygon. 

A  denotes  the  area  of  cross  section. 


ovGoO'^lc 


UNIT  STRESS  IN  CURVED  MEMBERS.  283 

a  denotes  the  angle  of  P  with  the  tangent  to  the  curved  member 
at  the  section. 

/  denotes  the  combined  unit  stress  in  the  outermost  fibre  at  either 
extremity  of  the  section  indifferently. 

/'  is  the  similar  symbol  for  stress  due  to  bending  moment  solely. 

The  unit  stress  in  the  fibres  due  to  direct  thrust  =  — j--. 

In  case  the  force  P  is  a  compression,  as  is  assumed  in  the  illus- 
tration, the  combined  unit  stress/in  thatpart  of  the  section  on  the 
same  side  of  the  neutral  axis,  as  the  force  P  will  always  be  com- 
pression, while  that  in  the  part  of  the  section  on  the  further  side 
of  the  neutral  axis  from  the  force  P  will  be  compression  or  tension, 
according  to  the  predominating  effect  of  the  direct  thrust  or  the 
bending  moment. 

The  minus  sign  will  be  given  to  compression  stress  and  the  plus 
sign  to  tension  stress. 

A  study  of  Figs.  2  to  4  will  make  the  truth  of  the  two  follow- 
ing formulas  apparent : 


It  should  be  noticed  that  in  this  and  the  following  pairs  of  for- 
mulas, the  first  one  of  the  two  gives  the  unit  stress  in  the  outer- 
most fibres  of  the  section  on  the  same  side  of  the  neutral  axis  with 
P,  and  the  second  gives  the  corresponding  stress  for  the  fibres  on 
t\iG  further  side  of  the  neutral  axis  from'  P. 

It  will  be  useful  to  obtain  an  expression  for  /'  in  terms  of  the 
dimensions  of  the  section  of  the  member  and  introduce  it  in  (A) 
and  (A'),  but  for  this  purpose  additional  notation  will  be  necessary. 

Let  I  denote  the  moment  of  inertia  of  the  section  about  the  neu- 
tral axis. 

r,  the  radius  of  gyration  corresponding  to  I. 

c,  the  distance  from  the  neutral  axis  to  the  outermost  of  the 
section. 

R,  the  moment  of  resistance  of  the  section. 
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M,  the  bending  moment  at  the  secticpn. 

According  to  the  familiar  law  of  elasticity  of  material, 

Ji  ^  =  =^'  Ji  /,  and  as  /=  /*», 


hence 


iiR=iiM=iiPl. 


Substituting  this  value  off*  in  {A)  and  (^, 

It  will  be  readily  recognized  that  these  formulas  are  in  a  con- 
venient form  for  use,  for  the  radius  of  gyration  and  cross-sect>c») 
for  any  particular  section  can  be  readily  obtained.  By  means  of 
them  one  can  design  the  member  so  that  the  unit  stress  in  the 
outermost  fibres  at  either  extremity  of  the  section  at  any  point 
along  the  length  of  the  member  shall  not  exceed  a  safe  maximutn. 

Formulas  (B)  and  (B')  are  entirely  general,  but  they  can  be 
simplified  for  certain  elementary  forms  of  cro&s-section,  such  as  tlie 
rectangle,  circle  and  others. 

For  ike  RettangU, 


(^/=-3(— +  |) 


-I)' 


:  in  passing,  that  formula  (f )  gives  > 
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For  the  Circle. 


=  -,and4r 
16 


«+.|). 


(^)/=^( 


P/       ,  «/i 


For  Ike,  plate-girder  or  lat&ct-girder  /#r  which  the  assumption  is 
made  that  the  web  resists  shear  only. 

Let  b  and  /  denote  the  breadth  and  thickness  of  flange  respec- 
tively, and  d  denote  the  distance  betwees  the  centres  of  gravity 
of  the  two  flanges.  Then  the  value  of  I  fox  one  flange  about  the 
neutral  axis  of  the  girder  z= 


bf 

12 

+  U'''  -'"■"<fJ'-V'^f  +  ^, 

Hence 

12 

/*  is  very  small  c 

ampared  with  id*,  and  can  be  neglecti 

4 

Also 

■^  =  -•  hence, 

,£)/=-|(.»,„+|). 

<^>^=^(-"»"+?> 

dtralion  of  the  "  middle  third  theory  "  fc)rinL<ioiiry,o[  ■ny  roalerisl  in  which  a  tension- 
excess  is  not  allowaUe 

Undei  this  condition  the  eMteme  eccentricity  of  the  resultant  P  will  be  such  a  valne 
of  /that/=  lera  in  equation  (E<). 

Flociog  /;=  lero,  and  nkaking  cos  a  =  unity — which  will  be  the  cnse  when  P  is 
normal  to  the  xeclioa — and  solving,  /  is  found  equal  to  J^rf.  In  other  worJs,  P  must 
fall  within  the  middle  third  of  the  base. 
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A  General  Application  of  Formulas  (B)  and  (B'). 

As  an  illustration  for  the  student,  the  general  formulas  (B)  and 
(B')  will  now  be  applied  to  an  irregular  section. 

We  will  suppose  an  angle  iron  to  be  bent  into  the  curve  shown 
in  figure  4,  and  that  it  is  one  of  a  series  of  similar  arch  ribs  for 
supporting  a  small  arched  roof. 

The  angle  iron  is  rivcttcd  fast  at  the  springings,  and  thus  the 
arch  rib  belongs  to  the  rigid  arch  type. 

It  is  held  from  lateral  deflection  or  twisting  by  the  roof  framing, 
and  can  deflect  in  a  vertical  plane  only. 

The  special  equilibrium  polygon  is  assumed,  for  it  is  foreign  to 
this  discussion  to  explain  its  construction  in  detail. 

Suffice  it  to  say  that  the  equilibrium  polygon  shown  is  assumed 
to  be  the  proper  one  for  that  combination  of  the  loading  which 
will  cause  maximum  stresses  in  the  arch  rib. 

The  sections  ss  and  s^s^  have  been  selected  as  locating  the  maxi- 
mum stresses  in  the  rib.  It  will  be  noticed  that  for  these  sections 
a  =  zero. 

Study  of  Section  ss. — P  is  foundfrom  the  equilibrium  polygon  to 
equal  70x3  pounds,  and  /  equals  4.0  inches.  As  a  ^  zero  cos  a 
=  unity. 

/  is  taken  for  wrought-iron  at  14,000  pounds  per  square  inch. 
This  would  be  a  high  working  stress  for  wrought-iron  except  for 
the  fact  that  the  maximum  stress  is  estimated  for  a  wind  pressure, 
which  is  unusual,  and  also  that  the  stiflhess  of  the  sheathing  and 
covering  is  a  considerable  item  in  a  roof  of  this  span. 

The  two  general  formulas  are: 

for  that  part  of  section  ss  aboi'e  the  neutral  axis. 
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for  that  part  of  section  ss  below  the  neutral  axis. 
Introducing  the  known  terms. 


(«,- 


4.0co  =  -Z^(.  +4i-.).or4i  =  = 


OT,4,ooo  =  Z^(-.+4^),or4f  =  3^+. 


It  remains  to  select  an  angle  iron  whose  values  of  c,  r*,  and  A  will 
satisfy  these  conditions  most  closely. 

Shape  No.  66,  page  105,  of  the  Carnegie,  Phipps  &  Co.  hand- 
book gives  the  dimensions  shown  in  Fig.  5,  and  is  selected  for 
trial. 


?"1 


^^.. 


Introducing  the  value  of  A  in  the  two  equations, 


W   4-^  =  2X3.23+I.-.-S 


i:=..87. 


The  actual  value  of  A  for  the  angle  iron  selected  is  1.3S.     This 
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shows  that  the  selection  is  satisfactory  so  far  as  conceras  the  por- 
tion of  the  section  above  the  neutral  axis. 

For  the  lower  portion  of  the  section,  a  brief  inspection  of  the 
formula  will  show  that  the  unit  stress  in  the  outer  fibres  is  less  than 
the  maximum  allowed  if  this  angle  be  used,  and  is  therefore  safe. 

The  actual  amount  can  be  ascertained  thus: 

(5')  /=  ?—  (—  I  +  1 .38  X  4)  =  9800  pounds  tension. 

The  question  still  remains  whether  another  angle  cannot  be  used 
with  a  higher  unit  stress  in  the  lower  part  of  the  section,  and  thus 
economize  material. 

Trial  will  answer  this  in  the  negative. 

For  example,  a  j  by  j-inch  angle,  with  0.4  sq.  inch  greater  area, 
gives  unit  stresses  of/=  —  13,450  pounds,  and/;=  9500  pounds 
for  the  upper  and  lower  parts  of  the  sectitn  respectively.  With 
this  angle  the  unit  stresses  are  not  materially  altered. 

A  4  by  4-inch  angle,  with  an  area  =  2.86  sq.  inches,  gives  values 
of  approximately  —  22,000  and  18,000  pounds  respectively,  it 
being  entirely  too  small. 

If  the  angle  selected.  No.  66,  is  placed  with  the  5-inch  leg  hori- 
zontal instead  of  vertical,  the  values  of/"  are  —  13,600  and  9300 
pounds  respectively.  This  immaterial  diminution  of  unit  stresses 
does  not  olTset  the  desirability  of  placing  the  long  leg  vertical. 

If,  instead  of  an  angle  iron  an  I-beam  had  been  employed,  a  con- 
siderable saving  in  material  would  be  effected. 

Calculations  will  show  that  a  4  inch  I-beam  with  2.1  sq.  inches 
area  of  section  would  be  under  only  —  13,600  and  644O  pounds 
unit  stress  respectively,  and  save  3.76  pounds  weight  of  metal  per 
linear  foot  of  rib.  Details  of  connections  might,  however,  make 
the  angle  the  more  desirable  shape  to  use. 

Concerning  the  section  j'j',  an  investigation  is  scarcely  neces- 
sary. The  value  of  P  at  that  section  is  less  than  at  section  ss;  I 
is  only  0.5  of  an  inch,  and  as  the  angle  iron  is  the  same  size 
throughout  its  length  it  will  be  abundantly  strong  at  .section  ^j'. 

Of  course,  if  the  snow  and  wind  load  were  assumed  on  the  left 
side  of  the  roof  the  equilibrium  polygon  would  be  reversed,  and 
the  two  sections  ss  and  ^s',  with  their  corresponding  discussions, 
would  exchange  places. 
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THE  ADJUSTMENT  OF  TRIANGULATION. 

Bv  E.  M.  DOUGLAS,  C.E. 

The  following  is  the  application  of  "  The  Method  of  Least 
Squares  "  to  the  adjustment  of  triangulation  as  it  has  been  success- 
fully used  by  the  writer  in  more  than  a  hundred  cases. 

The  particular  examples  chosen  for  illustration  are  from  some 
preliminary  work  done  with  an  eight-inch  Vernier  theodolite,  and 
are  not  given  as  examples  of  accurate  field-work. 

It  is  assumed  at  first  that  there  is  only  one  measured  base,  and 
that  all  angles  are  of  equal  weight 

The  different  steps  in  the  adjustment  will  be  given  in  the  follow- 
ing order : 

Tabulation  of  means  of  observed  angles. 

Station  adjustment. 

Reduction  to  centre. 

Figure  adjustment. 

!.  When  among  a  number  of  observations  for  finding  the  value 
of  a  particular  angle  one  or  more  of  the  observations  differ  greatly 
from  the  mean  of  all,  it  is  not  advisable  to  leave  it  entirely  to  the 
judgmept  of  the  computer  to  decide  which  observations  shall  be 
retained  and  which  rejected.  Pierce's  Criterion,  however,  furnishes 
a  fixed  rule  which  will  enable  the  computer  to  decide  whether  to 
retain  or  reject  the  doubtful  observations. 

It  is  applied  as  follows : 


No. 

Oburrcd  Atitls. 

V. 

v.. 

34«09'i7  0" 

0.0" 

0 

34°09'M,o" 

5.0" 

25-0 

34'>09'jo.o" 

3.0" 

9.0 

34''09'i6.5" 

as" 

0.3 

34°O9''7-0" 

0.0" 

0.0 

34°09'o9-5" 

7S" 

Sum   := 

S6.a 

Mean  = 

34<'o9'i7.o" 

90.5 

Column  V.  contains  the  difference  between  each  observation  and 
the  mean. 
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The  sum  of  the  squares  of  these  diflferences  is  90.5.     This  num- 
ber must  be  divided  by  the  number  of  observations  less  one, 


90-5  . 

6— r 


■  9Q-5- 

5 


and  the  quotient  (18.1)  multiplied  by  the  number  from  the  table  of 
constants  for  six  observations,*  which  is  2.592  : 

2.592  X  18.1  =46.9. 

Should  any  number  in  the  column  V  exceed  this  product,  the 
observation  from  which  it  was  found  must  be  rejected. 

This  rule  requires  the  rejection  of  observed  angle  No,  6  and  no 
other.  A  new  mean  must  now  be  found  for  the  remaining  angles 
(=34°  9'  >8-S"). 

2.  In  the  following  table  are  given  the  means  of  angles  taken  at 
Haley  Ratlif  Station,  doubtful  observations  having  been  rejected 
by  the  rule  just  given : 


»;si. 

M«n«glB. 

1  Reducdoo 

^Z"^ 

Sli^^SlS 

Taylor  Mountain. 
Corn  Hill 

i85''oi'38.o" 

+a6.3S' 

+5-29" 

i8s°oi'S9.64" 

Corn  Hill. 

Hay  Slack 

34°09'i8.5" 

-8.64' 

+3.03" 

34"09' 11.89" 

Cora  Hill. 

76°57'4S-4" 

—  6.90' 

+3.26" 

76»57'4i.76" 

Haystack. 

+a.o3" 

+».55" 

Morrison's. 
Prairie 

43=06' 10.1" 

1  -IM3' 

43''o6'oi.ij" 

Morrison's. 
Taylor  Mounlain 

98-oo'3S.3" 

;  -19.45' 

+J-75" 

98"oo' 18.60" 

Prairie. 
Bachelor's  Peak.. 

agoji'aa.s" 

1  -  3.86' 

+J-55" 

29°«'3i.i9" 

Batchelor's  Peak 
Taylor  MounUin 

2S''32'47.8" 

,  -  4.16' 

+».S5" 

I5°3a'46.i9" 

Centre  of  signal. 
Corn  Hill. 

62''56' 



Signal  diaUDt 
..S.n,e,res. 

•  For  table  of  constants  see  Chauveiiet's  Astronemy,  vol.  ii ,  p^e  596;  see  also 
page  55S,  or  Lee's  Tables,  page  291. 
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Flo.  I. 


3.  If  the  angles  were  without  error,  we  s 
the  diagram  that 


:  by  an  inspection  of 


No.  5  +  No.  7  +  No.  8  should  equal  No.  6. 
No,  2  +  No.  4  should  equal  No.  3. 

No,  I  +  No.  3  +  No.  6  should  equal  360°. 

Since  the  angles  are  not  without  error,  corrections  must  be 
found  which  will  make  the  corrected  angles  fill  the  conditions 
above  stated. 

Conditional  Equations. 

4.  Denote  the  correction  for  an  angle  by  the  angle  number 
enclosed  in  brackets.     Then  we  shall  have 

N0.6  +  [6]  =  No.  5  +  [5]  +  N0.7  +  [7]  +  N0.8  +  [8]. 

No.  3  +  [3]  =  No.  2  +  [2]  +  No.  4  +  [4]. 

360°  =  No.  1  +  [1]  +  No.  3  +  [3]  +  No.  6  +  [6]. 

Or  substituting  for  each  angle  number  the  observed  value,  com- 
bining and  transposing,  gives  the  following  equations: 

5-  +[6]-[s]-[7]-[8]+    4-90  =  o-        .    (•)■ 

+  M-W-W  +00.8    =0.        .    (b). 

-[n-[3]-[6J  +  11.3    =0  •        ■    (c.) 
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6.  The  usual  method  for  forming  these  equations  would  be  as 
follows  for  equation  (a) : 


No.  5       43° 

06'      10.1" 

No.  7      ,29 
No.  8      28 
Sum.  —  98 
No.  6  +  98 

21       32.S 
32      47.8 
00      30.4 
00      35.3 
+  4"-90 

Give  to  the  largest  artgle  of  each  set  {No.  6  in  this  case)  the  -f- 
sign,  and  to  the  remaining  angles  the  —  sign. 

The  conditional  equation  (5)  can  readily  be  formed  from  this 
data  alone.     Equations  b  and  c  may  be  formed  in  the  same  way. 

7.  These  are  algebraic  equations,  and  if  it  were  possible  from 
three  equations  to  find  the  true  value  of  eight  unknown  quan- 
tities, their  solution  would  give  the  exact  correction  for  each 
angle. 

According  to  the  TJuory  of  Least  Squares,  the  most  probable 
systems  of  corrections  that  can  be  found  from  equations  of  this  kind 
is  that  in  which  the  sum  of  the  squares  of  the  corrections  is  a 
minimum. 

The  usual  method  of  solving  these  equations  is  by  the  use  of 
correlates  or  undetermined  multipliers,  one  for  each  equation  of 
condition. 

8.  The  correlates  should  be  written  in  tabular  form  as  below, 
one  column  being  taken  for  each  equation  and  one  line  for  each 
angle  for  which  a  correction  is  required. 


AnsIcNo.  >'  I           '■ 

6  ]  +  I  -  1 

7  I  -  •  '     

8  I  -.  I     '     
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In  equation  a  (5)  the  unknown  quantities  are  the  corrections  to 
be  found  for  angles  5,  6,  7,  and  8;  the  coefficients  of  these  cor- 
rections are  —  i,  +1,  —  i,  —  i,  respectively.*  These  coeffi- 
cients are  written  in  column  a  of  the  table  on  lines  numbered  5, 6, 
7,  and  8. 

In  a  similar  manner  the  nurtibers  in  columns  b  and  c  are  found 
from  equations  b  and  cf 

g.  The  correlates  correspond  to  sets  of  observation  equations, 
and  tnay  be  understood  thus :  "  Eight  observations  have  been  taken 
to  find  the  values  of  three  unknown  quantities." 

Observation  No.  l  gives —  i  c, 
"  2  "  —  1  b, 
"3      "     +  1  b  —  1  c,  etc. 

An  infinite  number  of  values  can  be  assumed  for  a,  b,  and  c. 

For  each  of  these  correlates  a  normal  equation  is  now  to  be 
formed,  giving  to  each  one  the  letter  of  the  conditional  equation 
from  which  it  comes. 

10.  The  complete  equations  are  as  follows : 


- 

I' 

.■ 

+  4.00 

..» 

-... 

+    4.9<>-»      (>.) 

000 

+  3.00 

-1.00 

+    o.«o  =  o    (h.) 

-1.00 

—  ISIO 

+  300 

+  iijo_o     (c.) 

The  numbers  in  each  lettered  column  are  coefficients  of  the 
letters  at  the  head  of  the  column. 

The  first  equation  (a)  is  formed  thus  : 

I ! .  The  first  term  4-  4.00  a,  is  the  sum  of  the  squares  of  the  co- 
efficients in  column  a,  used  as  a  coefficient  of  a. 

The  second  term  0.00  b  is  the  sum  of  the  products  of  coe^- 


*  These  coefficients  indicate  that  in  fonning  a  single  equation  each  angle  is  used 
once  and  with  a  +  or  —  sign,  or  has  a  weight  I. 

t  The  number  for  flnj"  angle  (360°  for  eiample)  not  requiring  a  cMrection  can  be 
omitted  from  the  eqantions  and  from  the  correlale  table  (but  ii  must  be  used  in  iind- 
infi  (he  error).    See  55. 
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dents  in  column  a,  by  corresponding  ones  in  column  b,  giving  o  a» 
the  coefficient  of  b. 

The  third  term  is  the  sum  of  the  products  of  coefficients  in 
column  a  (taken  as  multipliers)  by  corresponding  ones  in  column  c 
(used  as  multiplicands),  which  gives  (line  6)  +  IX  —  l  =  —  l  as 
the  coefficient  of  c.  The  absolute  term  -f-  4.90  is  the  absolute  term 
of  conditional  equation  a.  In  like  manner  equation  b  and  c  are 
formed. 

The  general  rule  for  combining  correlates  is  this : 

12.  Take  the  numbers  in  each  lettered  column  in  turn  for  multi- 
pliers, find  the  algebraic  sum  of  the  products  of  these  multipliers 
by  corresponding  numbers  in  each  of  the  lettered  columns  of  the 
table.*  The  sum  of  the  products  of  the  numbers  in  two  columns 
gives  one  term  of  the  normal  equation.  The  letter  of  the  column 
from  which  the  multipliers  are  taken  will  be  the  letter  for  the  nor- 
mal equation  to  which  the  sum  of  the  products  belongs.  The  letter 
of  the  column  from  which  the  multiplicands  are  taken  is  the  letter 
of  that  term  in  the  equation  for  which  the  sum  of  the  products  is 
the  coefficient. 

When  multipliers  and  multiplicands  are  both  from  same  column^ 
the  signs  of  the  products  are  all  +  ;  other  products  may  be  plus  or 
minus  or  equal  to  zero,  according  to  circumstances. 

1 3.  In  the  normal  equations  ( 10),  if  we  commence  at  any  coeffi- 
cient formed  from  the  sum  of  squares  f  and  read  towards  the  right 
and  also  downwards,  we  come  to  coefficients  having  the  same  alge- 
braic value.  This  will  be  true  for  all  norma!  equations  if  properly 
arranged. 

The  normal  equations  may  be  solved  by  any  of  the  ordinary 
algebraic  methods. 

A  form  of  solution  recommended  is  given  below.  The  details  of 
the  solution  of  normal  equations  will  be  given  under  the  head  of 
■*  Figure  Adjustment "  (41). 

Four  columns  are  now  added  to  the  table  of  correlates  (15). 
In  each  new  column,  write  the  value  of  the  letter  of  the  column, 
multiplied  by  the  coefficients  in  the  column  of  the  same  tetter  in 
the  first  part  of  the  table.  Find  the  sum  of  al!  the  products  on 
each  horizontal  line  and  write  it  in  the  column  of  totals. 

*  By  corresponding  numbers  is  meant  numbers  on  the  same  horizontal  Uae. 
f  Called  diagonal  coel?icients. 
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.    -     !     '■     1     ■■ 

SuDl. 

0= 

+  400 
(-1) 

0.00 

(+X) 

+  490 

H-  7-90  («■) 

[«.] 

[-  l.J=] 

.(-■•«) 

0= 

0.0, 

(+X) 

+  0.80 

+  a.8o  (b.) 

[-.b] 

[- 1.16] 

'-"« 

0= 

-,.00 

—  1.00 

+  3"> 

+    11.30 

+  12.30(C.) 

— - 

+  1.00 

0.00 

-0.25 

+    ..^3 

+  1.98 
+  i4.aS 

0.00 

-,.«. 

+  2.7S 

+  ".S3 

0.00 

+  ■,00 

—  0.33 

+   o.*7 

+  0-93 
+  iS-^' 

-- 

0.0 

aoo 

+  24* 

+  ia.!to 

'  — +T;r=-s"- 
h  _  [_  ,.76]  +  [-  0.1,]  =  - 1,03. 
■  "  [-  "J^J  +  [-  1=3)  =  -  iss. 

14.  Below  is  given  the  completed  table  of  correlatives. 


c.,.„.. 

- 

■^ 

- 

A.    •;     B, 

-%.    \  T-^. 



-• 

1 



+  S-29 
+  2.03 

+  1 

—  I 

|  — *^3 

+  5.*9 

+  3.*6 

_, 

—  I 



;  +  a-03 

+  2.S5'     

+  2.03 

+  2,S5 

+  1 



-I 

—  ^-SJ,    

+  5-^9 

+  2-74 

-- 

+  2.55    

.!  +  2-5S 

8 

—  I 

+  a.55      

+I.55 

The  numbers  in  column  of  totals  are  the  corrections  for  the 
angles  whose  numbers  are  given  in  column  at  extreme  left. 
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These  corrections  added  algebraically  to  angles  in  (2)  will  make 
the  corrected  values  fill  the  conditions  given  in  (3). 

Reduction  to  Centre. 

When  it  is  not  practicable  to  set  the  instrument  over  the  centre 
of  a  station  at  which  observations  are  to  be  made,  it  may  be  placed 
over  an  excentric  point  and  corrections  applied  to  reduce  the 
angles  to  the  values  they  would  have  had  if  the  instrument  had 
been  set  over  the  station. 

15.  To  find  these  corrections  the  following  quantities  must  be 
known  (in  addition  to  the  angles  already  given) :  First,  the  angle 
between  the  centre  of  the  station  and  the  first  distant  station  to 
the  right  of  it  (angle  9  in  the  diagram) ;  second,  the  distance  from 
the  centre  of  the  instrument  to  the  station  centre  (in  this  case^ 
1.52  metres);  third,  the  distances  from  the  station  at  which  .-«bser- 
vations  are  being  made  to  each  of  the  distant  stations  (Haley  Ratlif 
to  Corn  Hill,  Haley  Ratlif  to  Haystack,  etc.).  These  distances 
need  only  be  approximate,  and  may  be  found  from  a  computation 
made  with  the  uncorrected  angles.  • 

If  d  is  the  distance  of  the  excentric  point  (at  which  angles  are 
taken)  from  the  centre  of  the  station,  and  a  is  the  angle  between 
the  station  centre  and  some  distant  station,  and  D  is  the  distance 
to  the  distant  station,  then  the  correction  in  seconds  for  the  tri- 
angle side  D  is 

Sine  a  d 


The  last  term  is  a  constant  for  each  position  of  the  instrument. 
The  following  is  the  form  for  reduction  to  centre  of  the  angles 
in  2: 

Distance  from  instrument  to  centre  of  signal  =  t.52  metres, 

Ijyg.  1.52        =  0.1818  =  d  in  formula. 
Log.  sine  1"  =4.6856. 

Log.       ''   „  =  5^962  =  consUnt. 

In  order  to  make  all  the  logs,  additive,  the  logs,  of  distances  D 

*  See  (48]  forni  for  computation  of  distances.     For  preliminary  compulation  use  5 
place  logarithms. 
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are  subtracted  from   10,  and  reminders  written  in  line  A.  C.  lo?. 
distances.     Attention  must  be  paid  to  the  signs  of  the  sines. 

Redaction  to  Centre  Haley  Ratiif. 


Stations  and  ]c«. 

Com  Hill. 

Ilay-slack. 

Morrison's. 

of  disUiices=D. 

4.3006 
1        62=56' 

4.5409 

4.2764 

Angles  belveen 

twuAt  and  sta- 

tioni  =  A. 

97°o5' 

139°54' 

Vag-^i"^.- 

9.9496 

9-9967 

9.8090 

Log.  consUn..... 

5-496= 

5-4962 

5-4962 

A.C.Iog.disfnces 

S.r994 
i.24Sa 

5-4591 
o.9sao 

5-7236 

Log.  ofcortecl'n 

1.028S 

CoTTection ........ 

+  «7.S9" 

+  8-95" 

+  10.69" 

^-      . 

_. ..— 

.^_-__^=-  _ 

---.       -  --  = 

Stations  and  li^. 

Prairie. 

Bachelor's  Peak. 

of  dislancts^D 

4-348° 

4-5619 

4.481s 

Ane's*  between 
signals   and  sta. 

tions  =  A. 

I        i83°oo' 

aii°2i 

237*54' 

Log.  constant.... 

5-496* 

5-496* 

5-496J 

A.C.Iog.dist'nces 

S.6520 

5.4381 

5.5 '85 

Log.  ofcorrecl'n 

9.8670  n. 

o66z7n. 

0.9426  n. 

—  0-74" 

—  460" 

-  8  76" 

The  correction  for  each  line  or  angle  side  now  being  known, 
the  correction  for  any  angle  is  found  by  subtracting  the  correc- 
tion found  for  the  first  side  from  that  found  for  the  second  side 
taken  in  order  of  azimuth,  i.e.,  from  left  to  right.  Thus  for  angle 
3  subtract  +  17". 59  from  +  io".69  ^=  —  6".go  =  correction  re- 
quired. 

For  angle  No.  I  subtract  —  8".76  from  -|-  i7".59=  .(-8,76  + 
'7'59^  26".3S,     A  simple  rule  is  this:    Change  the  sign  of  the 

*  D.  Indicates  that  the  sine  of  the  angle  is  negative.. 
v*>i_  XIV.— ?o 
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left  hand  correction  and  add  algebraically  the  corrections  found  for 
the  sides  bounding  an  angle.     The  sum  is  the  correction  desired. 

The  corrections  thus  found,  combined  with  station  corrections 
(15)  and  applied  to  observed  angles,  give  adjusted  values  which  are 
to  be  used  in  figure  adjustment. 

17.  The  corrections  for  station  and  figure  adjustment  should 
really  be  found  from  one  set  of  equations,  but  on  account  of  the 
enormous  increase  in  the  labor  of  adjustment  for  a  slight  gain  in 
accuracy,  the  adjustments  are  generally  made  separately. 

Figure  Adjustment. 

18.  The  word  figure  as  here  used  refers  to  a  geometrical  figure, 
made  up  of  triangles,  in  which,  having  given  the  length  of  one  side, 
any  other  side  may  be  computed  by  at  least  two  independent 
routes. 

The  object  of  a  figure  adjustment  is  to  find  from  the  given  set 
of  angles  values  which  will  satisfy  certain  conditions.  The  con- 
ditions are  three : 

19.  First. — The  angles  of  each  triangle  must  add  up  to  180° 
plus  spherical  excess. 

Second, — The  length  of  a  side  must  be  the  same,  by  whatever 
route  it  is  computed  from  a  given  base. 

lliird.—Tht  adjusted  values  of  the  angles  must  be  the  most 
probable  that  can  be  found  from  the  observations. 

20.  The  simplest  figures  are  those  formed  by  joining  the  three 
points  which  make  a  triangle  with  a  fourth  point.* 

The  quadrilateral  (23)  is  a  figure  of  this  kind. 

21.  An  angle  may  be  considered  to  be  the  difference  in  azimuth 

or  direction  of  the  two  lines  bounding  it.  Azi- 
muths are  counted  from  the  south,  through  the 
west,  north,  and  east.  Therefore  the  angle  4.1.2 
is  equal  to  the  azimuth  of  the  line  2.1  minus  that 
of  the  line  4.1, and  may  be  written :  — 4.1,2+, 
or  —  t  +  ?i  the  number  at  the  vertex  of  the  angle 
being  written  underneath  the  other  numbers. 

22.  If  written  in  the  ordinary  way,  4,  i  .2,  the  numbers  should 
be  in  such  order  that  when  the  vertex  of  the  angle  is  towards  the 
observer  the  left-hand  station  number  is  written  first.     The  angle 
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4.1.2,  if  written  without  signs,  would  then  be  read  minus  the^ide 
(or  direction)  4.1  plus  the  side  2-1. 


Tri- 

I.  *.  3. 
2.3.1 
3.1.2. 

Sum=. 

a 

a.  3.4 
3-4.8. 
4-3.3 

Sum= 
b..., 

1-3-4 
3.4-1. 
4.1.3 

Sam= 

Antlet. 

123  26  46.67 
3409  11.89 
»2  *3  54-34 

179  59  S*.9o 
s.e.    0.79 

Error,  —  7.89 

76  57  41.76 
45  15  Se>4» 

57  46  a8.77 

"^r^^ 

Angll. 

Corwcud 
Spklric]  Angto. 

+ 1.447 + 0.962 
+  0960+1-534 
+ 1.538  + 1.448 

+  2-41 
+  2.49 
+  299 

■    113  36  49-08 
34  09  14-38 
22  23  57-33 

+  7-889 

+  7-89 

180  00  00,79 

+  0.960  -  0.574 
-0.575—0.487 
—0485  +0.962 

+  0.38 
—  1.06 

+  0.48 

76  57  42.14 
45  IS  49-35 
57  46  29.35 

iSo  00  0094 

».«.    a74 

-0.199 
— 1.534—0.574 

—  <i-575  —  0.088 

—  0.090  —  1.538 

—  0.10 

180  00  00.74 

42    48     29.87 

loS  36  13." 
31  35  32.54 

—  0.66 
-1.63 

42  48  27.76 
10s  36  «M6 
31  35  20.91 

180  00  oj  S3 
8.e.     i.13 

—  4-399 

—  440 

180  00  01.13 

Error,  +  440 

1.2.4. 
».4-'. 
4.  I.  3- 

Snm= 

65  40  I7.9i> 
60  30  22.71 
53  59  "6.88 

+  1  447  +  0-48S 
+  0.487 -0.08S 
-0090  +  1.448 

+  '.93 
+  0.40 
+  1-36 

65  40  19,83 
60  20  33.1. 
S3  59  18.24 

180  00  01.18 

179  59  57 -4? 
s.«.    1.18 

Error,  —  3.69 

+  3  6»9 

+  3-69 

23.  In  columns  l  and  2,  above,  are  given  the  angles  of  the  quad- 
rilateral— Morrison,  Haley,  Corn  Hill,  Haystack.*  (For  conve- 
nience, numbers  for  the  stations  being  used  instead  of  names.) 


*  All  station  adjuslments  >nd  rcHuctions  Ic 


e  having  been  nude. 
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Fig.  3. 


^«l«3 


/*i#*^*** 


In  order  to  find  the  error  of  closure  of  each  triangle,  the  spheri- 
cal excess  must  be  found.  It  may  be  accurately  computed  by  this 
formula : 

24.  Spherical  excess  in  seconds, 

Area  of  triangle 

(square  of  radius  of  the  earth)  sin  [" 

The  denominator  of  above  fraction  is  a  constant  for  a  given 
latitude. 

Let  a  and  b  be  any  two  sides  of  a  triangle,  C  the  included 
angle  and  m  the  constant,  then  spherical  excess  =  m.aJ>.    Sine  C. 

25.  The  computation  of  spherical  excess  is  performed  as  follows: 
The  log.  of  constant  m,  for  mean  latitude  of  figurfe,  is  i.40540.* 


Tiiuglo. 

.... 

.... 

'.".«- 

Angle*  C... 

M3"36'S»" 

76=s7'4o" 

4i'>48'3o" 

6s°4o'*o" 

Log.  sid«  a.. 

4.3688s 

4.»ooss 

4.54093 

4.3688s 

-       ••     b_ 

4.M»5S 

4.17642 

4.I764» 

4.33773 

"      »i)«  C 

9.92137 

9.98S66 

9.832M 

9.95962 

"    ~"^" 

1.40S40 

1.40540 

1.40540 

140540 

LoK-*-< 

9.89617 

9.87103 

0.05497 

0.07160 

0.79" 

0.74" 

1.13" 

1.18" 

•  Values  of  constant  log.  in.  for  distances 
port  for  1884,  page  375-  When  the  figun 
laCitu'le  of  each  Iriangle  must  be  used. 
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For  convenience  of  reference,  write  numbers  for  each  triangle 
corresponding  to  the  angle  and  sides  used ;  for  example,  in  the 
triangle  1.2.3,  ^^^  '"^S-  °^  sides  1.2  and  3.2  and  the  log.  sine  of 
angle  1.2.3  ^'^^  used.* 

For  a  given  latitude,  the  spherical  excess  is  proportional  to  the 
area.f 

The  triangles  1.2.3  aid  1.34  cover  the  same  area  covered  by 
the  triangles  2.3.4  and  I-2.4;  hence  the  sum  of  the  spherical  ex- 
cesses for  each  pair  of  triangles  should  be  the  same. 


s.e.  1.2.3  =  0.79  o.74  =  s.e.  2.3.4. 
3.  e.  1-3-4=  1.13  i,i8  =  s.  e.  1.2.4 
Sum  =:  1.92=;  1.92^  Sum 


;  the  correctness  of  the  work  should  always  be 


F10-4. 


This  check  1 
applied. 

26.  In  an  adjusted  quadrilateral  there  are  but  three  independent 
triangles,  for  if  all  the  angles  of  three  triangles  are  known,  those 
of  the  fourth  triangle  may  be  easily  computed  from  them. 

All  the  angles  in  a  quadrilateral  may  be  so  adjusted  that  each 
triangle  will  close  without  error,  and  yet  if  we  were  to  compute 
from  these  angles  the  length  of  a  particular  side  from  a  known  side 
by  the  two  independent  routes,  we  would  probably  find  that  each 
route  gave  a  different  value  for  the  length  of  the 
desired  side;  on  accurately  plotting  the  results, 
we  would  possibly  get  a  figure  similar  to  this: 

27.  In  a  quadrilateral  there  are,  therefore,  four 
independent  conditions  to  be  satisfied  by  an  ad- 
justment (not  including  local  conditions  covered 
by  station  adjustment),  three  being  the  closure  j^4 
of  triangles,  the  fourth  fixing  the  relative  length 
of  the  sides  (making  I  —  3  =  1  —  3'  in  above 
figure). 

Corrections  for  the  errors  in  a  quadrilateral^ 
are  found  from  algebraic  equations,  one  for  each 
independent  condition  which  it  is  required  to  satisfy. 

*  Disunces  need  be  only  approximate,  and  are  from  Ihe  preliminary  coroputalioi 
f  It  may  be  approximately  found  by  dividing  area  in  miles  by  75-7 ;  quolieni 
Epherical  excess  in  seconds. 
J  Or  any  other  figure. 
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28.  The  corrections  to  the  sides  bounding  an  angle  will  be  in- 
dicated by  enclosing  the  side  numbers  in  brackets  and  prefixing 
the  proper  signs.  Thus  the  correction  to  be  found  for  the  angle 
4.1.2  is  indicated  thus:  — [4-i3  +  [^-i]* 

In  the  triangle  [.2.5  (triangle  a,  23)  for  each  observed  angle 
write  the  observed  angle  and  indicate  a  correction  (to  be  found)  as 
above : 

■■2.3-C<-2]  +  [3-2J  +  2.3.1  -  [^.3]  -I-  [1.3]  +  3.t-2-[3-']  + 
[2,1  =  180  +  s.e. ; 

or,  instead  of  the  angle  numbers,  write  their  combined  value: 

179°  59'  S2-9"-C'-2]  +[3-2j-[2.3]  +  [i-3]-[3-i]  +  [2.1]  = 
180"  +  s.  e.  =  i8o°  00'  0079". 

29.  This  equation  reduced  gives 

-['■2]  +  [3.2]-[2.3]  +  [T.3]-[3-i]  +  [2.i]-7.89  =  0.  (a). 

In  this  manner  equations  are  formed  for  triangles  b  and  c.  Tri- 
angle 1.2.4  being  assumed  to  be  the  dependent  triangle. 

—  [2.3]  +  [4-3]  -  [3-4]  +  [2.4]  —  [4-z]  +  [3.2]  -r  0.20  =  o,  (b). 

—  [1-33  + [4-3] -[3-4l  +  [i.4l  — [4.1]  + [3'] +  440  =  0.  (c). 

To  find  an  equation  that  will  fix  the  relative  length  of  the  sides, 
proceed  as  follows : 

30.  In  the  figure,  2},  having  given  the  side  or  distance  4.1,  com- 
pute the  sides  3.4  and  3'.4. 

(.. J      ,  ,,  sin.  4.1.3' 

Side  3'4  =  4.1  X  -. — =^-^. 

sin.  i.3.'4 

oj  J  ,,  sin.  3.4,1        sin.  3.1.2       sin.  4,2,3 

Side  3.4  =  side  4.1  X  -,-   ■-'^     X    ■  — ^ X    .---. 

sin.  1.3.4       ^in.  i.2.3       sin.  34.2 

The  condition  that  we  desire  to  introduce  is  that  there  shall 
only  be  one  value  for  side  3,4  =  side  3*4  (26). 


•  Often  written  thus 
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If  we  make  3'.4  =  3.4  in  above  equations,  then  the  points  3  and 
3'  will  coincide  and  form  one  point  and  the  angles  4. 1.3' and  i.3'.4 
become  4.1.3  and  [.3.4  respectively.  Making  these  changes  and 
dividing  the  second  equation  by  the  first,  we  get 

sin.  3.4.1        sin.  3.1.2        ,';in.  4.2,3 

sin.  4.1.3        sin.  1.2.3        sin.  3.4.2  ""  '' 

or,  using  logarithms, 

31.  Log.  sin.  3.4.1  +  log.  sin.  3.1.2  +  log.  sin.  4.2.3 —  log.  sin. 
4.1.3  —  log.  sin,  1.2.3  —  log-  sin.  3.4.2  =  o. 

This  is  the  equation  that  must  be  satisfied  in  an  adjusted  quad< 
rilateral  in  order  to  fix  the  relative  lengths  of  the  sides. 

Under  the  assumption  that  2.4.  i  is  the  dependent  triangle, 
its  angles  being  expressed  in  terms  of  the  others,  it  can  readily 
be  shown  that  for  the  computation  of  any  side  o(  the  figure  (20) 
from  any  other  side,  by  the  only  independent  routes  possible,  the 
quantities  used  will  give  the  above  equation  when  the  values  found 
for  the  desired  side  are  made  equal.  This  equation  is  called  the 
sine  or  side  equation  ;  when  it  is  satis- 
fied the  relative  lengths  of  all  the  sides 
will  be  fixed. 

The  question  "Which  angles  are  to 
be  used  in  forming  the  sine  equation  ?" 
can  be  easily  answered  by  the  follow- 
ing method : 

32.  Let  the  quadrilateral  1.2.3.4  rep- 
resent the  projection  of  a  pyramid,  the 
base  of  which  is  the  triangle  2.4.1  * 
and  the  vertex  at  3,  The  positive  sines 
in  the  log,  sine  equation  given  above 
are  sines  of  the  angles  indicated  by 
solid  arcs.  These  are  the  angles  which 

open  towards  the  front  in  going  around  the  p;'ramid  in  the  direc- 
tion 1.2.4. 1. 

The  angles  opening  in  the  opposite  direction  are  those  taken 
with  the  negative  sines.  It  will  be  noticed  that  no  angle  is  used 
having  its  vertex  at  the  vertex  of  the  pyramid  nor  any  angle  having 
more  than  one  side  in  the  base  of  the  pyramid. 

•  The  base  triangle  is  usually  Hssumed  to  be  the  dependent  one. 
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The  sines  of  plane  or  of  spherical  angles  may  be  used ;  the  latter 
are  usually  taken. 

33.  Arrange  the  log.  sines  in  the  following  tabular  form,  oppo- 
site each  sine  writing  its  log.  difference  for  one  second.*  The 
interpolated  values  for  the  8th  place  of  decimals  are  retained  in 
order  to  lessen  the  error  in  computation  from  dropping  decimals, 
the  adjustment  to  seven  places  of  decimals  being  desired. 


3.4.1 
3. '.a. 
4,  a.  3. 

Sura,.. 

+ 

4,1,3 
".a.  3, 
3. 4,  a, 

Sum,.. 

Log-Sioo. 
9.^35918.6 

9.5809761  8 
9.9273484.8 

9^930166.1 

Diffenncc, 

+  «3.a 

Angln. 

^■sin::" 

""'^^ 

—  0.66      +      3-9 
+  2.99  1  +  isa.8 
+  0.48-1-     63 

9.9836912.5 
9.5809915.6 

9.9i7349»-l 
9.49»3W»-a 

9.7I9I858-* 
99*137238 
9.8514747-S 

9.49203*9-5 

+  34  2 

—  13.9 

+  10.8 

+ 163.0 

9.7191913.9 
9 92 '3757 3 
9.8514769.S 

-1.63 
-1.06 

-55.7 

-33.S 

9.4920440-7 
9.4930 166.Z 

Error  r^  — 174.5 

j-<i'.a 

1 

i       ^U^ 

For  a  small  correction  to  any  of  these  angles  the  change  in  log. 
sine  will  be  equal  to  the  correction  in  seconds  multiplied  by  the 
tabular  difference  for  1". 

The  correction  for  angle  3.4.1  is  denoted  by  —  [3.4]  +  [1.4], 
hence  the  change  in  the  log.  sine  will  be —  5.9  ( — [3.4]  -{-  [1-4]). 

34.  Since  ihe  difference  of  the  log.  sines,  33.  does  not  equal 
zero,  substitute  in  the  equation,  31.  for  each  sine  the  plus  sign,  a 
correction  found  as  above  jf  after  reducing,  we  get  this  sine  or 
side  equation: 


+  S-9  [3-4]  —S-9  [14]  —  511  [3-0  ^ 
13-2  [3-2]  +  34-2  [4.1]  — 34-2  [3-1]- 
20.8  [3.4]  —  20.8  [2.4]  —  274.5  =  o. 


51. 1  [2.1]  — 13.2  [4.2]  + 
13.9  [1.2]  +  13-9  [3-2]-)- 

.        .        .        .     (a'). 


In  the  triangle  equations  the  coefficients  of  the  corrections  arc 


•  The  log.  difference  ( 
t  Compare  with  angle 


r  angles  grealer  than  90°  < 
'i|ua(ions,  (z8). 
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all  unity.     The  labor  of  solution  will  be  lessened  if  the  coefficients 
in  all  sine  equations  are  also  unity  or  nearly  so. 

(a'),  being  a  true  algebraic  equation,  may  be  divided  by  any 
number  without  altering  its  value.  Dividing  it  through  by  So* 
and  combining  the  coefficients  of  [3.4],  [3-2],  [3-l],  each  of  which 
appears  twice,  gives 

35-  -I-  -334  [3-4]  —  -074  [14]  —  '-066  [3.1]  +  .639  [2.1]  —  1.65 
[4-2]  +  -339  [3.2]  +  -427  [4-1]—  174  [1.2]  — .260  [2.4]  — 
3.427  =  o,  {d). 

We  now  have  the  equations  necessary  for  the  complete  adjust- 
ment of  the  quadrilateral,  and  from  them  values  must  be  found  by 
means  of  correlates  (see  7),  each  equation  of  condition  having  a 
correlate,  and  each  correction  coefficient  giving  a  correlate  coef- 
ficient. 

The  algebraic  sum  of  the  coefficients  of  each  correlate  will  be 
zero-t 

36.  Normal  equations  are  formed  from  the  correlates  by  the  rule 
in  (12).  For  example,  equation  b:  Multipliers  are  in  column  b; 
first  multiplicands  are  corresponding  numbers  in  column  a;  these 
give. 

Line  J      +  i  X  +  I  =  +  i 
Line  8     —  i  X  —  i  =  +  i 


Sum 

=  +  2  =  coefficient  of  a,  equation  b. 

The  coefficient  of  b  is. 

Line    5 

+  I  X  +  1=  +  I 

Line    6 

—  1  X  — 1  =  +  1 

Line    8 

+  1  X  +  1  =  +  I 

Line    9 

—  I  X  — I  =  +  1 

Line  1 1 

+  1  X  +  1  =  +  I 

Sum  =  +  6 

Coefficient  of  c, 

Line    9 

+  I  X  +  1  =  +  I 

Line  12 

—  I  X  — 1  =  +  1 

Sum^TI 

•  Some  multiple  of 

10  is  (he  divisor  usually  taken. 
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Line    5  +  i  X  +  .339  = -f  .339 

Line    6  —  I  X  —  .165  =  +  .165 

Line  II  +  I  X  —  .260  =  —  .260 

Line  12  —  I  X  +  .334  =  —  -334 

Sum  =  —  .090 

The  absolute  term  is  taken  without  change  from  equation  of 
condition  b. 


37.     Correlatives. 


■0   I 

z 

3 
3 
3 
■4 
4 

4 

..  1  .  j  .. 

1  1 

::;■,;!.: 

■■■::i...'_i  ' 

'■ 

+  ■.«« 

R        1        C.       i        D. 
—  0.4W.  1  —  ao«e.     +O.IKH, 

+O.O03 

i— 0,088  —0.004 

'4-0.088  40.00J 

^    —0,001 

— 0.4S6      +o.ooi 

H-0486 L— o.ooi 

„ !+o.o88       

+  0486      

— a486— 0.08S      

i^o.o8S  1-0.000 

—0.486         —O.OOI 

+o.4S6|4  0.088  '-l-o.ool 

TsUl>, 

+    639 
-1.066 

4   427 

—  -'74 
+  -339 
-,I6S 

—  .074 
-.160 

+■334 

+  1.44*' 
-1446 



+  1446 

+  i,446 
->446 

+  0 
+  0 

+1 
+0 

44i^ 

090 

447 
962 

48s 

534 
960 

574 

08i: 

487 
S75 

,Su 

"• 

o.oooa.ooO|  0.000 

0.000 

CO 

38.     Norma/  Equations  formed  from  above  Correlatives. 

(Kevdu 
-7.890-0  (001 
+  O.MO  (.OOC 


The  symmetry  of  the  normal  equations  gives  a  partial  check  in 
their  accuracy  {see    13).     Thus,  commencing  at  the  coefficients 
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underlined*,  and  reading  downwards  or  towards  the  right,  the 
numbers  are  the  same. 

40.  It  will  be  noticed  in  the  solution  of  the  equation,  as  given 
in  14,  that  certain  terms  were  eliminated,  i.e.,  had  no  influence 
on  the  final  values  of  the  correlates.  In  the  solution  given  below, 
the  corresponding  terms  will  be  omitted.  They  are  all  those  in 
38  below  and  to  the  left  of  the  diagonal  coefficients.  The  re- 
remaining  terms  of  the  equation  a,  b,  c,  d,  are  written  on  lines  1 ,  6, 
13,  22. 


41.     Solution 

of  Normal 

Equatiotis. 

(4) 

(»-)             j               (b.) 

(=.1 
—  a.ooo 

(d.) 
+  2.Z18 

(-aooa) 

—  0D90 

—  0-739 

AbuluHleniu. 
-7.890 

Ex 

C+i.s's) 
+  i'.630 

u 

iB 

16 

=8 
30 

+  6.000      1        +  3.000 

o.77«is        1         o.y.«3 

(-1-0.162) 

i    +6.000 
1    —  0.667 

1    +  5.333 

a  =  +  1446 
b  =  —    .485 

c=-    .088 

d  =  +     .004 

+ 

(—  0.029> 

+  2000 

+  0.667 
+  a.667 ' 

l^ 

(+  0.044) 

+  6.000 

-0.667 

+  5J33 
—  1-333 

—  0.829 
9-9-855 

*  + 
{+  0.00.) 

—  I.90I 

+  0.739 

9-J^» 

(-  O.S30 

+  4.400 
,—  1,630 

~t.l67 

+  0.415 

+  1.770 
—  i-4"5 

+  4.»>0 
o.6o»6 

-0.74J 

9.9733; 

9.17116 

+ 

(+0.00.) 

4-  1-084 
—  o.Szo 

+  0.3SS 

(-0.089) 

-3  4*7 
+  1.917 

+  1.264 

—  0.119 

+  '-'35 

—  0.140 

-0.510 
+  0.440 

-IS 

+  0.095 

9.9978a 

—  0,004 

7.6™* 

(+0-004) 

■  Diagonal  coefficients. 
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42.  The  logarithm  of  each  number  in  line  i  is  placed  in  line  2* 
The  logarithm  (  =^  0.77815)  of  the  left-hand  number  is  taken  on  a 
separate  slip  of  paper,  and  holding  it  above,  is  subtracted  from 
each  of  the  other  logarithms.  The  remainders  (the  logarithms  of 
quotients)  are  written  in  line  3.  The  number  corresponding  to 
the  logarithm  0.1 1893,  in  the  right-hand  column,  is  placed  in  a 
parenthesis  in  line  5  with  a  sign  opposite  to  that  of  the  number 
above  it  in  line  i. 

43.  The  logarithms  in  line  3,  columns  b,  c  and  d,  are  to  be  used 
as  the  logarithms  of  multipliers.  The  sign  of  each  multiplier  is 
the  opposite  to  that  of  the  number  above  it,  and  is  written  in  line 
4.  The  logarithms  of  multipliers  are  next  placed  on  a  slip  of 
paper,  and  the  logarithms  of  products  found  by  adding  the  loga- 
rithms of'the  multipliers  to  the  logarithms  of  numbers  in  line  i. 
For  example,  using  b  multiplier  (lin^3,  column  2). 

Log.  of  multiplier  =  9.52288  sign  —     Numbers. 

Log,  of  productbb  =  9.82391  sign —  (  —  0,667). 

Log.  of  product  be  =  9.82391  sign  +  (  +  0.667). 

Log.  of  product  bd  =  9.86884  sign  —  ( —  0.739). 

(bbyabsolute  term)  =  0.4 1996  sign  +  (  +  2.630). 

Write  the  numbers  corresponding  to  these  products  in  line  7 
under  equation  b.f  Products  belong  to  the  equations  having  the 
same  letter  as  the  multiplier  and  in  the  same  columns  with  the 
multiplicands. 

The  algebraic  sums  of  the  numbers  in  lines  6  and  7  are  written 
in  line  8.  In  this  manner  form  the  products  with  the  multipliers 
in  c  and  d  columns  and  add  them  to  c  and  d  equations  respec- 
tively. 

The  above  process  is  to  be  repeated  for  the  numbers  in  line  8. 
The  products,  line  t6,  are  added  to  the  numbers  in  line  15.  Pro- 
ceed as  before  with  the  numbers  in  line  17.  This  line  has  but  one 
multiplier.  The  logarithm  of  +  0.995  C'"^  28)  is  subtracted  from 
logarithm  of  .004,  the  number  corresponding  to  quotient  is  + 
0.004,  which  is  the  value  of  d  correlate.     The  logarithm  of  this 

*  To  avoid  confusion,  wrile  all  logarithms  in  red  ink. 
f  Same  letter  as  in  multiplier  column. 
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number  {7.60206  sign  +  )  is  added  to  each  of  the  logarithms  of 
multipliers  in  column  d.     Thus,  commencing  at  the  bottom  : 


Log.  of  correlate  d  =  7.6o206sign  + 

added  to  log.  in  line  19,       ^ 

column  d,  gives  the  log.  ot    >  s=  6.87332  sign  +  No.  =  +  .001. 

product  d  multiplier  by  d  J 
Line  10,  d  multiplier  by  d,  log,  =  6.79361  sign  +  No.  =  +  .001 


Line  3,  d  multiplier  by  d,  log.  —  7.16987  sign  — ,  Number  ^ 
—  .002.  Each  number  is  written  in  parenthesis  under  the  log.  of 
its  multiplicand. 

44.  Any  line  of  multipliers  corresponds  to  an  equation.  Take, 
for  example,  line  19,  the  numbers  corresponding  to  each  log.  taken 
with  the  letter  of  the  column  give: 

—  ic  +  d.i87d  — 0.089  =  0. 

The  product  of  +  o.  1 87  (log.  9.27 1 26)  by  the  value  of  d,  ( +..040) 
=  +  .001  (nearest  unit  in  third  place  of  decimals), 

hence,  —  c  +  .00 1  —  .089  =  o. 

c  =  —  .088. 

Take  the  log.  of  c  and  proceed  as  with  log.  of  d  obtaining  the 
numbers  +  0.044  '•"*  '2,  and  — 0.029  line  J,  for  products  of  c 
correlate  by  c  column  multipliers. 

Add  algebraically  the  numbers  on  line  12,  and  we  get  the  value 
of  b  =  — 0.486.  Find  its  product  with  b  multiplier  line  3,  and 
write  it  on  line  5.     Add  the  numbers  on  hne  5  for  the  value  of  a. 

The  values  of  d,  c,  b,  a,  can  also  be  found  from  lines  28,  17,  8, 1. 

For  example,  +4.0OC  —  0.747 d  +  0.355  =0  (line  17),  sub- 
stituting the  value  of  d  (+  .004)  and  combining  gives, 

+  4.00  c  + 0.352  =  0, 

c  =  —  0.088,  as  before. 

II  we  have  a  table  of  reciprocals  and  Crelle's  multiplication 
tables,  or  a  multiplying  machine,  they  may  be  used  instead  of 
logarithms,  for  example,  line  i : 

Find  the  reciprocal  of  the  left-hand  number  with  its  sign 
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change,  — J  i=  —  -167,*  using  three  places  of  decimals  only: 
write  —  ,167111  line  2  in  placeof  thelog. of 6.  Using —  .167333 
multiplier,  and  all  the  numbers  in  line  I  except  that  in  column  a  as 
multiplicands,  find  the  products,  using  Crelle's  tables  or  machine, 
and  write  them  on  line  2  in  place  of  the  logs.  The  product  by 
the  right-hand  (absolute)  number  being  enclosed  in  brackets,  and 
placed  on  line  5.  These  products  are  now  used  as  multipliers; 
they  are  the  numbers  corresponding  to  the  logs,  in  line  3.  Products 
are  found  as  in  44,  and  are  added  to  the  equations  on  lines  6,  1 3, 
and  22.     Proceed  in  the  same  manner  for  the  lines  8.  17,  and  28. 

It  is  often  convenient  to  use  the  reciprocals  in  fractional  form, 
and  also  all  or  part  of  the  multipliers  in  the  same  form. 

45.  The  values  found  for  the  correlates  must  now  be  substituted 
in  the  normal  equations  (38)  to  test  the  accuracy  of  the  solution. 

For  equation  b,  commencing  at  the  left: 

+  2.218  X(+  1.446  =  3)=  +  3.207 

—  0.090  X  ( —  0486  =  b)  =  4-  0.04s 

—  i.90lX(—    .088  =  c)  =  + 0.167 
+  2.084  X  (+    /304=  d)=  +0008 

absolute  term,  =  —  3-427 


Sum,  =       0.000 

This  proves  the  equation  correctly  solved.  In  the  same  way 
substitute  in  a,  b,  and  c  equations.  In  equation  a,  as  solved  above, 
there  is  an  error  amounting  to  .001 ,  but  as  only  corrections  to  the 
nearest  hundredth  are  desired,  this  small  residual  may  be  neg- 
lected. 

46.  The  values  of  the  correlates  are  next  placed  at  the  head  of 
column  A,  B,  C,  and  D  (37),  and  products  by  corresponding  coeffi- 
cient in  column  a,  b,  c,  and  d,  found  and  written  on  the  proper 
lines  in  A.  B,  C,  and  D  columns. 

The  sums  of  the  products  on  each  horizontal  line  are  placed  in 
the  column  of  totals.  As  a  check  on  this  part  of  the  work  see 
that  the  sum  of  the  numbers  in  each  column  =  o. 

On  each  line  in  the  column  of  totals  is  the  correction  for  the 
angle  side,  the  numbers  for  which  are  given  in  the  column  of  sides. 

For  the  angle  1.2.3  =  {—  1.2  +  3.2)  the  correction  is  as  fol- 
lows: 

*  The  reciprocal  will  always  hive  a  —  sign. 
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For  the  side  i,2  (line  4)  the  correction  is,  —  i-447> 
For  the  side  3.2  tline  5)  the  correction  is,  +  .0962. 
Hence,  for  the  sides  — 1.2  and  +  3.2,  we  have: 

-{-  1.447  =  —  correction  for  1.2. 
-|-  0.962  =  +  correction  for  3,2. 

+  2.409  =  correction  for  angle  1.2.3. 

The  total  correction  to  the  nearest  hundredth  is  given  for  each 
angle  in  column  4  (22),  and  the  corrected  spherical  angles  in  col- 
umn 5. 

47.  The  correction  for  each  log.  sine  is  the  product  of  its  angle 
correction  by  its  difference  for  l".  For  example,  sine  of  angle 
3.4.1,  Dif.  for  i" — 5,9,  correction  for  angle  =  — o".66. 

—  5.9  X — 0.66=  +  3.9  =  cor.  to  sine. 

The  corrections  and  corrected  sines  are  given  in  33. 
Computations  of  distances  made  with  these  adjusted  angles  will 
not  lead  to  discordant  results. 

48.  The  following  is  a  form  recommended  for  distance  compu- 
tations : 


Nin. 

Logs 

xt- 

Hay  Slack 

039 
0.39 
040 

.  Pi™  Angl«. 
=  1     99390069 

60«I0'23.72" 

6s«4o',9.44" 
S3°S9'<7.84" 

S  lack  = 
Hill      = 

4,368848» 

oo6t993i 
9.9596151 
9.9078931 

4.3894563 

4-3377344 

deComHiU-. 

4,1,2, 

Com  Hill 

Hay  Slack... 

6o°2o'23.ii" 

6s"40'i9.83" 
S3°59'"8.a4" 

.8o<Woi.iB. 

LoK.disl.  Mo. 

rison — Hey 
"       Corn 

Call  the  !;tation  opposite  the  known  side  the  new  station ;  it  is 
always  to  be  placed  first  in  the  list 

The  log.  of  the  known  side  is  written  at  the  head  of  the  column 
of  logs.  Angles  at  each  station  are  placed  on  the  same  line  with 
station  name. 

The  log.  sine  of  the  plane  angle  at  the  new  station  is  placed 
above  the  angle,  and  the  arithmetical  complement  (cosecant)  is 
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written  opposite  the  angle  in  the  log.  column  (see  ij).     Sines  of 
the  other  angles  are  written  opposite  them. 

To  find  the  log.  distance  from  the  new  station  to  either  of  the 
others,  omit  the  sine  on  line  with  the  name  of  the  old  station  and 
add  the  other  three  logs.  In  order  to  be  systematic,  the  writer 
always  finds  the  log.  distance  between  the  first  and  last  named 
stations  first,  the  last  sine  being  omitted  and  the  other  three  logs, 
added. 

Observations  of  Unequal  Weights. 

49.  In  finding  the  weighted  mean  of  a  number  of  observittions 
of  unequal  weights,  multiply  each  result  by  its  weight,  divide  the 
sum  of  the  products  by  the  sum  of  the  weights,  the  quotient  will 
be  the  weighted  mean. 


Exampl,. 

js- 

—  54' 

-SS-0' 

X  Wt.  1  = 

55  (seconds 

only). 

54 

X  Wt.  I  = 

54 

56 

X  Wl.  2  = 

112 

S3 

X  Wt.  I  = 

53 

57 
Sum 

X  Wt.  2  = 

iii 

7 

381_ 

554 

Weighted  mean=38»  54 

'  55".4. 

50.  Weights  are  used  in  a  least  square  adjustment  in  the  follow- 
ing manner:  the  adjustment  is  carried  forward  as  above  described 
till  the  table  of  correlates  is  reached ;  then  opposite  each  angle 
number  in  a  station  adjustment  or  opposite  the  side  numbers  in  a 
figure  adjustment,  place  the  weight  of  the  angle  or  side  in  a  separate 
column.  Every  product  formed  in  the  table  of  correlates  must  be 
divided  by  the  weight  written  on  the  horizontal  line  with  the 
multiplicand.     The  weight  is  used  only  as  a  divisor. 

The  following  example  from  a  station  adjustment  will  illustrate 
the  method  of  using  weights  in  station  or  figure  adjustment. 

Equation  a  (51)  is  formed  thus: 

— ■  I  X  —  I  +  2  =  +  0.50  (line  1). 
+  I  X  +  1  -t-  1  =  +  1.00  (line  2). 
—  IX  —  I  -«-  2  =  +  0.50    (line  3). 

Sum  =  +  2  00  ^  term  a,  equation  a. 
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Term  b,  same  equation  = . 

+  I  X  —  I  -*-  I  =  —  I     (tine  2). 

Term  c  =  o.     The  absolute   term  —  3.00  is  the  same  that  it 
would  have  been  for  an  unweighted  equation. 
Equation  c  is  formed  thus: 

term  a  =  o. 

term  b=-|-  iX  —  1-1.2  =  — 0.50  (line  5). 

term  c  =  —  i  X  —  t  -(-*l  =  +  l.o  (line  4). 

+  IX  +  i-T-2  =  +  o.so  (lines). 

_,X  —  n-t  =  +3^  (line  6). 

Sum  +  4.50  ^  term  c 


No,ol 

Weigh.. 

\ 

4 

+  " 

'■ 

1      •■ 

A.         1         B. 
+  '.?W  1    +  s-SSB 

-..77?! 

+  2.779 .—  *-558 
-*-779   

C. 

.<.„.. 

Totoli, 

—  •■39 

4   O.M 

—  "■39 
+  0.60 
-..58 

+  1.8. 

-0.64 

0 

-a.779 

+  a2ai 
-^■779 
+  0.605 
-3.163 

+  0.605 

-..sss 

1        +     1 

+  0.605 
—  0,605 
+  0.605 



' 

'■" 

+  ■ 

1-MSB 

51.     EquaMons  Formed  from  Above  Correlates. 


—  0.500 


The  equations  are  solved  in  the  ordinary  way.  The  values  lor 
the  correlates  are  multiplied  by  their  respective  coefficients,  the 
products  being  written  in  columns  A,  B,  C,  no  attention  bemg  paid 
to  the  weights  until  after  the  totals  for  each  horizontal  line  are  found 
and  written  in  the  column  for  totals.  These  totals  must  be  divided 
hy  the  weights.  The  quotients,  written  in  the  right-hand  columns 
are  the  weighted  corrections  for  the  angles,  the  numbers  of  which 
are  in  the  left-hand  column. 


ovGoO'^lc 


314  7"A£  QUARTERLY. 

Adjustment  of  Figures  Requiring  More  Than  Four  ' 
Equations. 

52.  If  L  represents  the  number  of  lines  in  a  tnangulation  scheme, 
.sighted  over  in  both  directions,  and  S  the  number  of  stations,  the 
number  of  equations  necessary  for  the  complete  adjustment  of  the 
figure  is  as  follows :  * 

Number  of  angle  equations  =  L  —  S  +  i. 
Number  of  sine  equations     =  L  —  2S  +  3. 

It  makes  but  little  difference  which  triangles  are  used  in  the 
equations  so  long  as  they  are  independent. 

Independent  triangles  between  given  points  will  not  cover  the 
whole  area  twice,  but  they  may  overlap  (as  in  a  quadrilateral). 

53.  In  order  to  determine  which  triangles  and  angles  to  use  in 
the  equations,  roughly  plot  the  figure  commencing  with  any  line. 
As  each  station  or  line  is  added  calculate  from  the  above  formulas 
the  equations  necessary  in  adju.stment ;  every  new  equation  will  be 

Fig.  6.  Fia  7.  Fro.  8. 


for  lines  to  the  new  point.  For  example  take  the  figure  1.2.5-4. 
the  adjustment  of  which  has  been  given,  and  add  a  new  station 
5  and  the  lines  5,2,  5.4.  The  formula  calls  for  four  angle  equa- 
tions and  I  sine  equation  ;  all  but  one  angle  equation  of  these  as 
we  have  seen,  belong  to  the  figure  1.2.3.4;  evidently,  then,  the  new 
angle  equation  comes  from  the  triangle  5.2.4. 

Add  the  line  5.1.  We  must  now  have  2  sine  equations  and  5 
angle  equations.  The  line  5.1  added  two  triangles  to  the  figure, 
viz.,  5.2.1  and  5  4,1.  Either  of  these  may  be  used  for  the  angle 
equation;    it  also  completed  a  quadrilateral   5.2.4.1.     Assuming 

*  Station  adjuslmcnls  not  included. 
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this  quadrilateral  to  be  the  projection  of  a  pyramid,  we  can  find 
the  angles  to  use  in  a  sine  equation  by  the  method  used  in  32. 

If  we  add  another  station  6  to  this  figure  and  the  lines  6.1,  6.5, 
6.3,  the  formula  requires  7  angle  equations  and  3  sine  equations. 

The  new  angle  equations  will  be  6.3,1  and  6.5,1.  To  find  tlie 
sine  equation  leave  out  of  the  figure  any  point  not  necessary  to 
make  a  closed  polygon  with  the  lines  from  6,-4  may  be  left  out, 
hence  the  sine  equation  must  come  from  the  pentagon  1.6.5.2,3. 

Assume  a  pyramid  the  vertex  of  which  is  at  i,  the  base  being 
6.5.2.3.  The  angles  for  the  sine  equation  may  be  found  in  the  same 
manner  as  for  a  simpler  pyramid  (32). 

54.  In  complex  figures  requiring  only  a  single  sine  equation 
the  vertex  of  the  pyramid  should  be  taken  at  that  station  from 
which  most  lines  radiate.  Have  as  few  terms  as  possible  in  the 
sine  equation,  i.e.,  in  selecting  sine  equations  from  complex  figures, 
choose  the  simplest  figures  allowable.  Every  line  in  a  given  figure 
must  appear  at  least  once  in  a  sine  equation. 

55.  The  adjustment  of  an  extended  scheme  of  triangulation  in  a 
single  figure  usually  involves  more  labor  than  is  practicable ;  it  is 
therefore  customary  to  divide  the  work  into  small  blocks,  the  size 
of  which  depends  on  the  character  of  the  work. 

Except  for  work  of  the  highest  class  it  does  not  seem  advisable 
to  adjust  a  figure  involving  the  solution  of  more  than  8  or  10  equa- 
tions in  one  group.*  Disagreement  between  groups  at  junction 
lines  may  be  avoided  in  two  ways.  The  correction  found  for  a 
line  or  angle  from  one  figure  may  be  taken  as  final,  the  corrected 
value  being  introduced  into  subsequent  figures  with  an  infinite 
weight.  The  corresponding  correlate  coefficients  in  the  latter 
figures  being  divided  by  the  infinite  weight  are  reduced  to  zero, 
and  may  therefore  be  entirely  omitted  from  the  equations  of  con- 
dition and  the  table  of  correlates,  f 

If  this  method  is  adopted  the  best  figures  should  be  adjusted 
first,  i.e.,  figures  having  a  large  relative  weight,  or  which  arc  made 
up  of  well-shaped  triangles. 

In  the  figure  t. 5.2.3.4,  53,  which  is  from  triangulation  in  Texas, 
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corrections  for  the  directions  1.5  and  5.1  were  found  from  a  pre- 
vious adjustment.  Followng  the  method  above  outlined  the  direc- 
tions i.5  and  5.1  were  given  an  infinite  weight  in  the  table  of  cor- 
relates. Then,  in  forming  the  normal  equations,  products  from 
numbers  on  lines  1.5  and  5.1  in  the  table  of  correlates,  when  divi- 
ded by  infinity,  became  zero,  and  hence  had  no  ef^t  on  the  nor- 
mal equations  or  the  column  of  totals  divided  by  the  weight. 

The  second  method  of  getting  rid  of  disagreements  is  to  ad- 
just each  block  independently,  and  then  to  make  a  new  adjustment 
of  an  intermediate  small  block,  giving  the  extreme  sides  an  infinite 
weight. 

.  Where  figures  have  only  a  single  line  in  common,  often  it  will 
not  be  necessary  to  pay  attention  to  slight  disagreements  from  sep- 
arate adjustments, 

;6.  In  a  long  computation  by  a  single  computer  mistakes  are 
very  likely  to  occur.  lit  is  a  great  advantage  to  know  how  to  find 
errors  quickly. 

In  order  to  lessen  the  chances  of  error,  all  computations  should 
be  made  as  nearly  mechanical  as.  possible. 

Computation  books  should  be  ruled  with  &int  blue  lines  into 
squares  of  about  J  of  an  inch  each ;  a  whole  square  is  taken  for 
each  figure.  Whenever  possible;  keep  the  work  in  tabular  form, 
with  dividing  lines  ruled.. 

Long  computations  should  be  worked  in  duplicate.  Do  not 
crowd  the  work;  paper  is. cheap. 

The  greatest  part  of  the  labor  of  an  adjustment  is  usually  in  the 
solution  of  the  normal  equations.  Therefore,  great  care  should  be 
taken  in  previous  steps  of  the  work.  Tlic  equations  may  be  in- 
correctly formed,  and  yet  values  found  from  them  will  close  and 
check  in  the  correlate  table.  One  of  the  most  common  mis- 
takes is  in  combining  angles;,  where  two  angles- and  their  sum 
are  used  in  separate  triangles  they  are  often  incorrectly  adjusted, 
and  the  error  is  not  noticed  till  the  %ure  adjustment  is  nearly 
completed.  After  the  angles  are  copied  into  the  tabular  form 
(23),  they  should  be  carefully  checked.  Care  must  be  taken  in 
finding  sines  and  in  giving  the  —  sign  to  the  tabular  difference  for 
angles  over  90°. 

If,  on  substituting  the  values  found  for  the  correlates  in  the  nor- 
mal equation,  they  do  not  close,  i.e.,  reduce  to  zero,  find  the 
residual   for   each  equation.     The   equation   having   the  largest 
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residual  is  the  one  where  the  error  is.  Look  first  for  errors  in 
signs  in  that  equation,  then  for  misplacement  of  the  decimal  point, 
and  next  for  errors  in  adding  or  substracting,  then  for  errors  in 
the  products,  which  may  be  due  to  incorrect  multipliers. 

It  will  usually  be  necessary  to  keep  one  or  two  more  decimal 
places  in  the  equations  than  are  desired  in  the  final  work.  Errors 
arising  from  dropping  decimals  may  reach  large  proportions. 
It  is  often  possible,  as  the  work  progresses,  to  make  arbitrary 
allowances  for  the  figures  dropped.  If  the  diagonal  coefficient  is 
less  than  unity,  keep  at  least  two  extra  decimal  places  in  that  equa- 
tion.    The  remainders  from  diagonal  coefficients  are  always  +, 

57.  Residuals  from  normal  equations,  if  small,  can  be  dis- 
tributed by  finding  from  them  corrections  to  the  values  of  the 
correlates.  Find  the  residual  for  each  equation  with  its  proper 
sign,  assuming  the  correlate  coefficients  and  multipliers  to  be 
correct,  use  the  residuals  in  place  of  the  absolute  quantities  in 
the  equation,  and  find  from  them  new  values  for  the  correlates  ; 
these  combined  algebraically  with  the  values  previously  found  will 
give  values  that  will  close  the  equation.  As  all  the  products  are 
in  the  residual  column,  the  new  values  can  be  quickly  found. 
This  is  a  method  of  doubtful  value,  and  should  not  be  resorted  to 
in  careful  work. 

5S.  When  the  full  equations  are  used,  as  in  14,  a  partial  check 
on  the  solution  can  be  carried  forward  as  follows : 

Keep  a  separate  column  for  the  algebraic  sums  of  numbers 
in  each  equation.  Find  products  of  these  sums  by  each  multi- 
plier in  turn,  and  write  products  on  line  with  other  products  from 
same  multiplier.  The  sum  of  the  products  should  equal  the 
product  in  the  sum  column.  This  does  not  give  a  check  on  the 
multiplier  itself  nor  on  the  numbers  used  in  substituting  to  find 
values  for  the  correlates. 

For  further  information  on  the  subject  of  Least  Squares  as  ap- 
plied to  the  adjustment  of  tdangubtion,  the  following  works  may 
be  consulted : 

Wright,  T.  W. — Treatise  on  the  Adjustment  of  Observations, 
New  York,  1884. 

Johnson,  J.  B. — The  Theory  and  Practice  of  Surveying,  New 
York,  1891,  page  511. 

U.  S.  Coast  Survey  Reports  for  1854-1855,  1878  (appendix  8), 
1882  (appendix  9). 
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Wheeler,  Lieut.  G.  M. — Annual  Report  U.  S.  Geographical  Sur- 
vey, Washington,  1878,  page  28. 

Clark,  Col.  A.  R.— Geodesy,  Oxford,  1880. 

Chauvenet,  William. — Manual  of  Spherical  and  Practical  As 
tronomy,  Philadelphia,  iS9i,vol.  it. 

U.  S.  Army  Professional  Papers,  No.  24,  Washington,  1882. 

Merriman,  Manstield. — A  Text  Book  of  Least  Squares,  New 
York,  1884. 

Gore,  J.  Howard. — Elements  of  Geodesy,  New  York,  1886. 

Both  Wright  and  Johnson  give,  besides  the  exact  solution,  ap- 
proximate methods  of  adjustment. 


THE  DETERMINATION  OF  CARBONIC  ACID  IN 
WHITE  LEAD. 

By  FREDERIC  C.  A.  MEISEl., 

In  the  examination  of  white  lead,  one  of  the  most  frequent  de- 
terminations to  be  made  is  that  of  carbonic  acid.  When  a  number 
of  determinations  of  any  kind  are  to  be  made  in  a  limited  space 
o^  time,  it  is  very  desirable  to  have  some  quick  and  at  the  same 
time  accurate  method. 

As  the  determination  of  carbonic  acid  in  white  lead  is  made  for 
the  purpose  of  knowing  the  percentage  of  lead  carbonate  present, 
all  errors  of  analysis  are  multiplied  more  than  six-fold*  on  calcu- 
lation, and  as  the  percentage  of  lead  hydrate  present  is  found  by 
difference;  its  correctness  also  depends  wholly  on  the  accuracy  of 
the  carbonic  acid  determination. 

In  the  past  few  months  I  have  experimented  upon  the  following 
methods ; 

I.  Method  by  loss  on  ignition,  calculating  by  formula  from  total 
per  cent,  of  loss  on  ignition  (CO,  and  H,0  present)  the  per  cent, 
of  CO,  and  H,0  in  the  white  lead. 

•  PbCO,conIains  only  16.48  per  cent.  CO,.  The  percenlage  of  CO,  obtained  on 
analysis  must,  ihererore,  be  oiultiplied  by  6.068  lo  gel  ihc  percenlage  of  FbCO,  it  ii 
equivalent  lo.  If  an  error  of  one  milligTaninie  is  maJe.  say  in  weighing  the  potash 
bulb  in  method  No.  4,  il  causes  an  error  of  only  0.1  per  cent,  in  the  per  cenl.  of  CO,. 
but  gives  0.6068  per  cent,  error  in  the  per  cent,  of  PbCO,. 
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2.  Method  by  loss  using  alkalimeter, 

3.  Volumetric  methods  (measuring  gas  obtained  by  ignition  of 
known  amount  of  white  lead). 

a.  Without  oxidizing  agents, 

b.  With  oxidizing  agents, 

4.  Method  commonly  employed  for  all  carbonates  by  absorp- 
tion in  KOH  and  weighing,  (Given  in  table  as  the  absolute 
method.) 

The  first  three  methods  take  comparatively  little  time. 
The  method  by  loss  on  ignition  is  very  rapid,  but  the  results  ob- 
tained are  always  high,  owing  to  impurities,  such  as  acetate  of  lead, 
organic  matter,  etc. 

The  following  formula  may  be  employed  for  calculating  the  re- 
spective percentages  of  carbonic  acid  and  water  present : 
Let 

A  =  per  cent,  total  loss. 
f  =  per  cent.  CO,  y  =  per  cent.  H,0. 


then. 


13.388.4— 100      , 

7-,io ^ndjr^A-x 


This  formula  is  obtained  as  follows: 

Pb(OH)j  contains  7,46  per  cent.  H,0. 
PbCO,  contains  16.48  per  cent.  CO,. 

Any  combination  of  PbCO,  and  Pb{OH)j  on  ignition  loses  all  the 
HjO  and  CO,  present,  leaving  PbO. 
Now,  let 
A=  per  cent,  total  loss. 

X  =  per  cent.  CO,  in  the  mixture  of  carbonate  and  hydrate. 
^^  per  cent.  H,Ointhe  mixtureof  carbonate  and  hydrate, 
then, 

A^x+y, 

and  using  percentages  given  above. 


•'^^  15:48 +-'x^="»' 

AT  X  6.06S  +^  X  13.388  =  100. 
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substituting  for  y  A  —  x,  we  get. 

6.068  X  +  1 3-388  A  —  1 3.888  X  =  100, 
1 3.388  A  —  100  =  7.320  X, 
_  13.388^  —  100. 
^T320 

and 

y  =  A-~x, 

as  given.  This  formula  is  good,  therefore,  no  matter  in  what  pro- 
portion the  hydrate  and  carbonate  of  lead  are  present 

With  the  alkalimeter  good  results  were  obtained  on  pure  carbon- 
ate of  lime,  but  with  the  white  leads  used  it  seemed  impossible 
to  obtain  concordant  results,  except  in  one  or  two  instances. 

The  volumetric  methods  were  tried  in  an  apparatus  devised  by 
G.  W.  Thompson.  It  consists  of  a  water-jacketed,  graduated  glass 
tube  filled  with  mercury.  The  mercury  enters  this  tube  from  the 
.  bottom  by  a  heavy  rubber  tubing  which  is  connected  with  a  leser- 
voirof  mercury,  which  can  be  raised  or  lowered  at  will.  This  appa- 
ratus is  held  on  a  suitable  stand  made  of  wood.  The  upper  end 
of  the  graduated  tube  is  open,  and  is  connected  by  means  of  a 
short  piece  of  stout  rubber  tubing  to  the  small  long-necked  glass 
bulb  in  which  the  white  lead  is  ignited. 

By  introducing  a  weighed  amount  of  white  lead  into  the  glass 
butb, bringing  the  mercury  in  the  graduated  tube  and  reservoir  to  an 
equal  level,  and  taking  the  reading,  the  number  of  cubic  centimetres 
of  gas  driven  off  on  ignition  can  be  found  by  again  bringing  the 
mercury  in  tube  and  reservoir  to  an  equal  level.  By  making  al- 
lowance for  the  tension  of  the  aqueous  vapors  present,  and  re- 
ducing to  0°  and  760  mm.  the  percentage  of  carbonic  acid  can 
readily  be  calculated.  In  using  this  apparatus  it  is  necessary  to 
lower  the  reservoir  containing  the  mercury,  as  the  gas  coming  off 
depresses  the  mercury  in  the  glass  tube,  to  prevent  the  blowing 
out  of  the  glass  bulb  during  ignition. 

The  presence  of  acetates  and  organic  matter  renders  this  method 
without  any  modifications  useless,  I  thought,  however,  that  by 
washing  out  the  acetate  of  lead  the  errors  caused  by  organic  matter 
might  be  remedied  by  the  introduction  of  a  weighed  amount  of 
some  oxidizing  agent.  By  this  means  any  carbonaceous  substance 
would  be  burnt  to  COf  which  would  be  equal  in  volume  to  the 
oxygen  thus  consumed.     By  calculating,  therefore,  the  amount  of 


ovGoO'^lc 


DETERMINATION  OF  CARBONIC  ACID. 


32 1 


oxygen  thus  introduced,  and  subtracring  from  the  total  volume  of 
gas  given  off,  the  correct  volume  of  CO,  could  be  ob'^ained.  Po- 
tassium chlorate,  red  lead,  and  other  reagents  were  tried,  but,  while 
in  some  cases  the  results  obtained  were  quite  satisfactory,  with 
the  majority  of  white  leads  tried  they  were  not  so. 

I  have,  therefore,  Hecided  to  use  only  the  method  last  named 
in  the  list,  which,  though  slower,  is  decidedly  the  most  accurate. 
The  drawing  below  represents  the  apparatus  as  used. 

One  determination  takes  about  fifty  minutes.     Very  little  atten- 


tion is  necessary  after  once  starting.  The  suction  is  produced  by 
a  stream  of  HjO  felling  from  a  large  demijohn,  as  shown ;  60-70 
cubic  centin-.etres  of  hydrochloric  acid  (l :  2)  about  lO-l  I  per  cent, 
are  used  with  one  gramme  of  white  lead.  After  bringing  to  boil- 
ing, which  should  take  about  ten  minutes,  five  minutes  further  boil- 
ing usually  takes  all  the  lead  in  solution.  As  soon  as  this  is 
accomplished  the  flame  is  lowered  and  suction  is  begun.  After  fif- 
teen minutes  the  flame  is  withdrawn  entirely,  the  suction  being  con- 
tinued for  twenty  minutes  more,  when  the  operation  is  complete, 
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The  potash  bulb  is  allowed  to  remain  in  the  desiccating  case 
half  an  hour  or  more  before  weighing.  At  the  end  of  that  time, 
if  any  difference  of  level  of  solution  in  the  various  parts  of  the 
bulb  is  observed,  the  caps  at  the  ends  should  be  removed  to 
equalize  the  pressure.     The  bulb  may  then  be  weighed. 

The  following  table  compares  a  few  of  the  results  obtained  by 
the  above  described  methods  on  various  samples  of  white  lead: 


Method. 
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MINERALOGICAL  NOTES. 

IJv  ALFRED  J.  MOSES,  Ph.D. 

The  Gangue  of  Arizona  Ettringite, 
In  the  June,  1893,  number  of  the  Atnerican  Journal  of  Science  I 
described  the  occurrence,  in  an  ore-  shoot  of  the  Lucky  Cuss  mine. 
Tombstone,  Arizona,  of  a  white  fibrous  sulphate  of  lime  and 
alumina  containing  after  deduction  of  about  4  per  cent,  of  silicate 
and  recalculation  to  lOO: 

CaO 26.31 

A1,0„ 972 

SO, .8.54 

H.Oills") 34.53 

H,0  (red  lieat) 10.88 

This  mineral  corresponded  very  closely  to  the  rare  sulphate, 
ettringite,  hitherto  known  to  occur  only  at  Ettringen  in  the  Laach 
District,  and  both  my  analysis  and  that  of  Prof.  Lehmann  cor- 
responded to  a  simple  type  formula, 

2  R,0„  SOj  +  »H,0, 

in  wliich  the  two  analyses  yielded : 

Arizona.— H«Ca,^l40a,5  SO,  +  4oH,0. 

or  2[Hj^  CaAljOJ  SO,  +  8H,0. 

Ettringen.— HigCa,  AI,0,b3S0,  +  24H,0, 
or  2[H,CaAl  ,0JS0,  +  8H,0. 

8 

The  ettringite  occurred  incrusting  a  massive  silicate  from  which 
it  had  apparently  been  produced  by  the  action  of  sulphuric  acid, 
as  the  silicate  underlying  the  sulphate  was  usually  loosely  coherent 
and  corroded,  and  chiefly  composed  of  the  same  bases, 

The  silicate  is  more  or  less  contaminated  with  the  ore-material, 
especially  oxide  of  iron  (Hmonite)  which  in  patches  colored  the 
mineral  brown  and  yieldedas  high  as  16  per  cent,  of  Fe,0j,  it  con- 
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tained  also  varying  amounts  of  copper  and  lead  as  sulphides  and 
carbonates.  No  complete  analysis  was  made,  the  undetermined 
portion  being  in  part  CO,,  in  part  other  metallic  bases.  The 
analyses  nevertheless  show  a  considerable  degree  of  constanc}' 
when  the  ore  constituents  are  omitted  and  the  balance  recalculated 
to  loo: 


SiO„ 


Al,o„     .       . 
Fe,0„      . 
CaO, 

MgO,       .         . 
Na,0,      . 
PbO,        . 
CuO,       . 
HjOat  110",  . 
H,0,  red  heat, 
S,    .        .         . 
CO.. 


14.99 


9.S1 
not  determined. 
not  detenntned. 


Assuming  the  iron  to  be  limontte  and  deducting  water  corres- 
ponding, deducting  also  PbO,  CuO  and  S  and  recalculating  to 
100  we  obtain: 


SiO„       . 
Al,0„      .         . 
CaO, 
MgO,      . 
Na,0,      . 
H,Oat  no",   . 
H,0  at  red  heat. 


The  close  agreement  is  evidently  not  a  mere  coincidence.  As  No. 
t  was  made  upon  the  purer  material  it  may  fairly  be  assumed  to 
most  closely  approach  the  true  composition  of  the  silicate.  The 
approximate  ratios  are  for  this : 


'S 


SiO„ 

45-86  ^.6<M 

■  719 

Al,0,. 

j..S6  +  ic^j 

.211 

CnO, 

12.79^-56 

.22H 

MrO, 

2  43 -i- 40.3 

.obo 

Na,0, 

1. 16-.- 62.1 

.oiB 

H,Ure 

d  heat. 

I. .74 +  18 

.65^ 

H,Oa 

110°, 

44S  +  >8 

.*47 

That  is  we  have  closely  an  orthosilicate 
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AlgRJSiOX  +  6HjO  or 
Al8H«{CaMgNa},(Si'0,)«  +  6H,0. 

The  mineral  when  purest  is  nearly  white  or  pale  green,  but  is 
often  brown  from  iron.  Specific  gravity  2.66  (light  colored). 
When  heated  the  powder  becomes  a  dull  olive  green.  Before  the 
blowpipe  swells  and  fuses  easily  with  intumescence  to  a  dark  glass. 
With  soda  yields  a  globule  of  copper. 

The  composition  and  specific  gravity  suggest  a  mineral  similar 
to  wernerite,  in  which  OH  has  replaced  part  of  the  lime  and  soda. 

,  GvpsuM  Crystals  from  Utah. 
Talmadge  describes  in   Science  *  a   remarkable  occurrence  of 
gypsum  crystals  in  a  cave  at  South  Wash,  Wayne  County,  Utah- 


Two  of  these  crystals  were  sent  to  the  School  of  Mines  by  Mr. 
Talmadge,  and  later  at  least  half  a  ton  of  magnificent  crystals 
arrived.  All  of  these  were  carefully  examined,  measurement 
being  necessarily  limited  to  the  hand  goniomettr,  and  the  two 
here  figured  were  the  most  notable  crystal lographically. 

Fig.  I  shows  the  occurring  faces  on  a  very  perfect  crystal  27 
inches  lung  and  approximately  6  broad  and  4  thick.  The  prism 
faces  were  those  of  the  two  clino  prisms  i  — |  and  i-|  except 
upon  a  curious  prismatic  extension  which  pierces  the  upper  right 
pyramid  plane  and  extends  upward  about  one  inch  to  the  basal 
•  February  17,  189J,  pp.  85-86. 
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plane  common  to  this  and  the  rest  of  the  crystal.  The  other 
occurring  planes  are  the  minus  hemi-pyramid  - 1  the  ortho  dome 
^-i  and  the  base  ,o.  Six  phantom  terminations  parallel  to  the 
base  and  ortho  dome  J  — i  are  visible. 

Fig.  2  was  the  most  perfectly  terminated  crystal  received,  and 
was  especially  noteworthy  from  the  presence  of  two  hitherto  un- 
described  forms,  the  clino  dome  J-i  and  the  prism  i-J.  The 
faces  observed  upon  this  were  : 

Pinacoid,  i  — L 

Prisms,  i  -  i,  i  -  J,  i  - 1,  i  - 1- 

Domes,  J-i,  ^-i. 

Pyramids,  —  i . 

Heulandite  axd  Stilbite  from  Upper  Montclair,  N.  J. 
Specimens  of  bright  red  and  brownish  heulandite  from  Mc- 


Dowell's quarry.  Upper  Montclair,  N.  J.,  consisted  of  crystals  of 
the  form  here  figured,  agreeing  essentially  with  those  from  Jones 
Falls  near  Baltimore.  It  is  noteworthy  that  while  the  brownish 
crystals  are  comparatively  fresh  and  with  bright  faces  the  red 
crystals  are  very  much  corroded  and  their  cleavages  under  even 
moderate  magnification  show  the  red  color  to  be  due  to  minute 
translucent  blood-red  grains  irregularly  distributed  upon  the 
cleavage  planes.  Kenngott  has  stated  that  the  red  color  of  the 
Fassa  heulandite  is  due  to  minute  crystalline  grains  of  another 
mineral. 

The  stilbite  occurring  with  the  heulandite  is  frequently  of  a 
brilliant  brick-red  to  brownish-red  color ;  this,  however,  appears  to 
be  only  external,  and  to  be  a  powder  lacking  the  translucency  of 
the  coloring  matter  of  the  heulandite. 
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MINERALOGICAL  NOTES. 

Bv  LEA  McI.  l.UQUER. 

Optical  Examination  of  Mljscovite  from  the  King's  Bridge 
Ship  Canal. 

The  muscovite  crystals  examined  were  found  in  recently  quar- 
ried dolomitic  limestone,  within  300  feet  of  the  eastern  end  of 
the  "  Harlem  River  Improvement "  cut  at  King's  Bridge,  N.  Y. 

The  associated  minerals  were  crystallized  pyrite,  dolomite  and 
quartz. 

The  crystals  were  of  a  pale  green  color,  rather  small  in  size, and 
of  the  ordinary  hexagonal  type  with  plane  angles  of  I20°.  Some- 
times the  crystals  were  grouped  in  rosettes,  sometimes  in  stellate 
forms,  but  more  generally  in  step-like  aggregations,  lamincc  from 
which  gave  complicated  interference  figures.  The  muscovite  was 
not  decomposed  by  sulphuric  acid,  did  not  yield  water  in  a  closed 
tube  and  before  the  blowpipe  lost  color  and  fused  to  a  white  glass. 
The  axial  angle  was  found  to  be  quite  large,  the  plane  of  the 
optic  axes  at  right  angles  to  the  plane  of  symmetry,  thus  being  a 
mica  of  the  first  order,  and  the  interference  colors  very  bright. 

The  dispersion  was  also  found  to  be  />  >  ". 

The  following  apparent  axial  angles  were  obtained : 

63"  45'  6*«  13' 

61'  20'  58»  40' 

62=11'  60"  37' 

Crystallized  Talc. — Its  Supposed  Occurrence  at  Amity  and 
Sing  Sing,  N.  Y,  . 

A  so-called  specimen  of  crystallized  talc,  from  Amity,  N.  Y., 
has  been  proved  to  be  white  clinochlore.  It  has  the  hexagonal 
type  of  crystals  of  that  species,  easy  basal  cleavage  and  pearly 
lustre  on  cleavage  faces.  It  appears  to  be  very  nearly  uniaxial, 
with  strong  double  refraction  and  +  optical  character.  It  fuses  to 
a  white  glass,  is  practically  insoluble  in  hydrochloric  acid,  yields 
water  and  gives  test  for  silica.  The  associated  minerals  are  ser- 
pentine and  fluorite. 

A  so-called  specimen  of  crystallized  talc,  from  the  prison  quarry, 
Sing  Sing,  N.  Y.,  has  been  proved  to  be  muscovite.     It  occurs  in 
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very  small  thin  crystals  of  a  pale  green  color,  with  pearly  lustre 
on  cleavage  faces.  The  crystals  are  hexagonal  in  type  with  plane 
angles  of  120°.  The  plane  of  the  opic  axes  is  at  right  angles  to 
the  plane  of  symmetry,  hence  the  mica  is  of  the  first  order,  and 
the  apparent  axial  angle  is  quite  large,  being  for  red  light  50°  30'. 
It  fuses  quite  easily  to  a  white  glass,  and  is  found  associated  with 
large  gray  crystals  of  dolomite. 

Chemical  analyses  were  not  made  on  either  of  these  minerals, 
both  on  account  of  lack  of  material  and  because  the  optical  and 
blowpipe  tests  seemed  to  settle  their  identity  beyond  a  reasonable 
doubt. 

MiCROCLINE    FROM  PiTCAIRN,  N.  Y. 

The  feldspar  from  this  locality  occurs  in  dull,  bluish-white  crys- 
tals having  very  much  the  appearance  of  unglazed  porcelain.  It 
is  commonly  associated  with  bright  green  pyroxene  crystals  with 
polished  faces.     A  section  of  a  crystal  of  this  feldspar,  parallel  to 


the  basal  ptnacoid,  showed  between  crossed  nicols  the  right-angled 
polysynthetic  twinning  characteristic  of  microcline,  also  a  rather 
symmetrically  arranged  intergrowth  with  albite;  see  figure. 

A  section  parallel  to  the  brachy  pinacoid  showed  a  banded  in- 
tergrowth with  albite.  The  bands  being  arranged  in  the  general 
direction  of  the  vertical  axis,  and  showing  the  +  extinction  angle 
of  about  19°  of  albite. 

Green  Sandstone  prom  Nashville,  S.  D. 

This   green   granular  rock  was  rather  interesting  from  the  feet 

that  at  first  sight  it  appeared  very  much  like  chrysolite   or  a  fine 
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grained  coccolite.  A  section  showed  it  to  b£  composed  of  smalt 
rounded  grains  of  quartz,  quite  uniform  in  size,  the  cementing  ma- 
terial being  ferruginous  and  green  in  color  Grains  of  calotte 
were  also  noticed  and  a  few  grains  of  a  black  ferruginous  garnet- 
like mineral. 

Yttrialite  from  Llano  Co.,  Texas. 

A  thin  section  of  yttrialite  from  this  locality  was  made  at  right- 
angles  to  the  easy  fracture.  It  appeared  pale  yellowish-green 
by  transmitted  light,  and  between  crossed  nicols  was  completely 
isotropic  and  homogeneous.  Faint  parallel  lines  or  markings 
were  noticed  resembling  cleavage  or  accretion  lines.  These  made 
an  angle  of  about  120°  with  the  approximately  parallel  tines  of 
easy  fracture.  A  large  number  of  minute  granular  inclusions  were 
also  noticed,  these  seeming  to  be  most  plentiful  along  the  above- 
mentioned  lines  or  markings.  Normal  to  some  of  these  lines 
were  observed  what  appeared  to  be  quite  thick  microlitic  growths. 

The  permeating  lines  mentioned  by  Hidden  and  Mackintosh 
were  also  noticed. 

For  a  full  description  of  the  chemical  and  remaining  physical 
properties,  see  article  by  Hidden  and  Mackintosh  in  Am.  Journal 
of  Science,  Vol.  XXXVIII.,  December,  1889. 

Orthoclase  Crystal,  enclosing  Pvroxene,  from  Renfrew 

Co.,  Canada. 
An  accidental  fracture  of  a  large  orthoclase  crystal  from  this 
locality  revealed  the  fact  that  the  crystal  had  entirely  surrounded 
a  pyroxene  crystal.  A  section  was  cut  just  above  this  fracture 
and  approximately  parallel  to  the  basal  cleavage  of  the  orthoclase 
crystal.  This  showed  that  the  c  axis  of  the  pyroxene  crystal  was 
nearly  at  right-angles  to  the  cHno  pinacoid  cleavage  lines  of  the 
orthoclase  crystal.  The  pyroxene  section  was  nearly  parallel  to 
the  clino  pinacoid  as  a  large  extinction  angle  of  44°  was  noticed. 
The  line  of  junction  was  sharp  and  very  irregular ;  a  trace  of  de- 
composition being  only  noticed  at  one  spot  along  the  hne  of  con- 
tact. The  further  fact  was  revealed  that  the  orthoclase  crystal  was 
not  a  simple  one,  but  was  made  up  of  intergrowths  of  orthoclase 
crystals.  The  surfaces  of  the  orthoclase  crystal  were  very  much 
corroded.  Decomposition  of  the  pyroxene  crystal  was  also  noticed. 
—Mineralogical  Laboratory,  Columbia  College, 
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PRESENT  CONDITION  OF  THE  MECHANICAL  PREPA- 
RATION OF  ORES  IN  SAXONY,  HARTZ 
AND  RHENISH  PRUSSIA. 

BY  M.  MAURICE  BELLOM. 

(Continued  Trom  p.  238.) 

Sckmitt-Manderbach  Spiral  Trommel,  continued.  —  The  same 
figures  show  at  T  the  hand-picking  table  which  takes  the  refuse  of 
the  first  screen  plate  which  is  emptied  thereon  from  the  chute  c. 

The  slimes  are  separated  before  the  ore  is  sent  to  the  apparatus. 

This  separation  is  unnecessary  in  trommels,  because  in  this  case, 
the  screening  requires  a  large  quantity  of  water,  both  for  the  in- 
troduction of  the  ore  into  the  trommel  and  also  for  the  sizing  of 
the  ore  therein.  The  disadvantages  resuhing  from  the  presence 
of  slimes  is  relatively  far  less  in  trommels,  by  reason  of  the  large 
quantity  of  water  required,  whether  slimes  are  present  or  not 

On  the  contrary,  the  Schmitt  apparatus  consuming  much  less 
water  than  the  trommels  when  the  materials  which  it  takes  are 
not  particularly  muddy,  it  is  necessary  to  separate  the  slimes  from 
the  products  to  be  put  through  the  apparatus.  This  is  effected  by 
means  of  a  sheet-iron  washing  trommel  A  into  which  the  materials 
are  washed  by  a  current  of  water  furnished  by  the  sprinkler  B. 
The  screen  G  only  serves  to  retain  the  very  large  pieces.  A  chan- 
nel X  encircles  the  front  end  of  the  trommel  A,  limited  on  the  in- 
side, toward  the  trommel,  by  an  annular  T-iron  partition,  the  height 
of  which  varies  regularly  from  one  point  of  the  circumference  to 
another.  The  rotation  of  the  trommel  thus  presents  successively 
at  the  same  point  a  partition  of  variable  height,  and  thus  when  the 
lowest  segment  of  the  partition  arrives  at  the  bottom  of  the  wash- 
trommel,  the  upper  layer  of  muddy  water  is  periodically  discharged 
into  X.  This  muddy  water  which  includes  nearly  all  the  slimes, 
flows  off  through  the  trough  D.  The  communication  between 
the  wash-trommel  A  and  the  Schmitt  apparatus,  is  by  means  of  a 
longitudinal  spout  into  which  the  material  is  elevated  by  the 
trommel,  and  through  which  it  is  conveyed  to  the  inner  perforated 
plate  of  the  screen. 
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In  the   Himmelfurst  apparatus,  the  washing  trommel  is  1.200 
meters  long  and  1.200  meters  in  diameter. 

The  constructive  details  of  the  Schmitt  apparatus  are  as  follows : 
Upon  the  horizontal  axis  of  rotation  which  rests  upon  two 
pedestals,  are  keyed  two  discs  joined  by  a  sleeve,  to  which  are 
screwed  two  or  three  arms  which  carry  the  perforated  plates. 
Each  cylindrical  envelope  is  composed  of  two  or  three  segments 
perforated,  at  their  four  corners,  by  holes  which  allow  of  their 
being  bolted  to  the  frames  carried  by  the  arms.  When  the  frames 
are  put  in  place,  a  piece  of  U-iron  is  placed  over  the  T-iron  which 
forms  the  arm,  which  U-iron  rests  upon  the  heads  of  the  bolts  on 
each  side  of  the  arm.     The  U-irons  are  fastened  by  tension-bolts 

Fig.  9.    (Scale  Ji.)  Fig.  10.     (Scale  j",-) 


connecting  two  corresponding  arms.  By  this  arrangement  the 
apparatus  can  be  easily  taken  apart  and  worn  out  plates  rapidly  re- 
placed. With  an  apparatus  of  three  arms  and  seven  plates,  two 
workmen  can  replace  a  plate  in  a  quarter  of  an  hour. 

It  is  interesting  to  give  here  the  results  of  a  comparison  which 
Mr.  Schmitt  has  made  between  his  apparatus  and  other  .sizing 
apparatus  and  which  he  has  kindly  sent  me. 

He  has  chosen  as  terms  of  comparison.  1st.  The  sizing  at  Im- 
mekeppel  near  Ben.sberg  (Rhenish  Prussia);  2d.  The  sizing  in  the 
Dorothea  washing-house  at  Clausthal;  jd.  The  sizing  in  the  works 
of  Altlay  near  Zel!-on-the-MoseIle. 

In  the  first  of  these  dressing-works  they  use  three  trommels  of 
successive  plates  (with  holes  of  increasing  diameter),  from  the  first 
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to  the  last  trommel ;  in  the  second,  five  elevated  trommels  (with 
holes  of  decreasing  diameter) ;  in  the  third,a  Schmitt-Manderbach 
apparatus  with  seven  screen  plates. 

The  first-named  establishment  treats  15  cubic  meters  of  ore  in 
ten  hours  and  the  second  and  third  each  treat  40  cubic  meters  in 
the  same  time.  In  order  to  establish  a  comparison,  Mr.  Schmitt 
assumes  the  ore  to  be  composed  of  three  sizes  presenting  the  fol- 
lowing proportions : 

First  size  greater  than  20  mm.,  60  per  cent. 

Second  size  greater  than  J  mm.,  24  per  cent. 

Third  size  smaller  than  5  mm.,  16  per  cent. 

The  work  of  a  sizing  apparatus  is  valuable  not  only  according 
to  the  quantity  which  may  be  passed,  but  also  according  to  the 
fineness  and  number  of  sizes  which  it  is  capable  of  furnishing. 

The  advantage  then  rests  with  the  apparatus  which,  alt  other 
things  being  equal,  will  furnish  per  square  meter  of  perforated 
plate,  the  greatest  quantity  of  sized  ore. 

The  elements  to  be  considered  then  are : 

1st.  The  amount  of  ore  treated  per  minute. 

2d,  The  composition  of  this  ore  with  respect  to  size, 

3d.  The  extent  of  surface  of  the  various  plates  which  the  ore 
must  pass  over;  in  other  words  the  quantity  of  ore  which  these 
plates  treat  per  square  meter  per  minute. 

On  the  other  hand,  the  difficulty  of  classification  increases  pro- 
portionally to  the  quantity  of  ore  and  inversely  as  the  square  of 
the  diameters  of  the  holes,  or  (disregarding  the  differences  in  size 
of  grains  of  the  same  class),  to  the  square  of  the  mean  diameter 
of  the  class  received  on  a  given  sheet. 

If,  then,  we  denote  by : 

m,  the  volume  of  the  refuse  from  a  given  plate  per  square  meter 
of  plate  per  minute ; 

H,  the  corresponding  volume  of  fine  stuff  which  passes  through 
the  same  plate ; 

d-y,  the  mean  diameter  of  the  grains  which  make  up  the  refuse. 

rfj,  that  of  the  grains  which  make  up  the  corresponding  fine  stuff; 
the  production  /  of  a  square  meter  of  the  given  plate  may  be  ex- 
pressed by  the  formula, 


'=^+5' 
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and  denoting  by  F,  the  suriace  of  each  plate  which  comes  into 
play,  the  total  production  L  of  the  apparatus  per  minute  will  be : 


upon  the  preceding  considerations  Mr,  Schmitt  has  based  the  fol- 
lowing table  (p.  334): 

In  order  to  compare  these  three  works  from  the  point  of  view  of 
speed  of  production,  the  mean  value  of  the  output  of  a  square 
meter  of  plate  must  be  considered,  which  gives : 


The  total  outputs  are  2.130,  6.637,  ^""^  11. 276,  or  as  1  :  3  :  5. 

Lastly,  from  the  point  of  view  of  expense  of  motive  force  and 
erection,  Mr.  Schmitt  contends  that  the  relative  figures  for  the 
three  cases  considered  are  as  6 :  2 :  I. 

The  economy  of  motive  force,  which  Mr.  Schmitt  states  to  be  a 
question  of  experiment,  may  be  demonstrated  as  follows  : 

Let  us  take  a  trommel  of  6  successive  plates  and  of  increasing 
holes,  passing  go  tons  of  ore  in  ten  hours,  at  a  velocity  of  16-17 
revolutions  per  minute,  which  gives  about  1000  revolutions  per 
hour.     It  will  pass  in  one  revolution  a  weight  of  ore  equal   to 

-=  0.00s  tons.     Now,  let  k  be  the  height  to  which  a 

10x1000  '  " 

fragment  must  be  raised  before  it  (alls,  and  let  ex  be  the  angle  which 

the  radius  terminating  in  the  point  where  the  fragment  leaves  the 

plate,  makes  with  the  horizontal.     Denoting  by  d  the  diameter  of 

the  trommel,  we  will  have: 

We  may  assume  ot  ^  50°,  which  gives; 

//  =  '^X  0.358. 

2 
The  value  H  of  the  quantity  h,  corresponding  to  a  complete 
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revolution  of  the  trommel,  is  obtained  by  multiplying  A  by  the  ratio 

- —  =  7.19,    But,  by  reason  of  the  inverse  sliding  to  which  the 

fragments  are  submitted  by  the  rotation  of  the  trommel,  it  is  nec- 
essary to  replace  7.19  by  a  lower  coeflBcient  such  as  6.5,  which 
gives : 


Substituting  this  value,  the  work  developed  by  one  revolution 
of  a  trommel  of  a  diameter  </,  revolving  at  17  revolutions  per 
minute,  will  be: 

60 

Q  being  the  chaise  raised  in  a  revolution.  Supposing  that  each 
fragment  executes  5  revolutions  on  each  of  the  six  trommels,  we 
find  that 

(2  =  -^-^—^  =  75  kUograms. 

Taking  d  =  o.S  meters,  we  have  W  =  20  kilogram-meters 
per  second.  Adding  12  kilograms  to  cover  the  other  expenses, 
notably  the  distribution  of  water,  we  arrive  at  a  value  of  about  one- 
half  a  horse  power. 

Taking  the  case  of  six  elevated  trommels,  the  friction  produced 
in  the  numerous  wedges  and  in  the  transmission,  consumes  not 
less  than  25  kilogram-meters  per  second,  or  one-third  horse  power, 
including  the  expenditure  of  motive  power  for  distributing  the 
water.  We  have  thus,  in  this  case,  an  expenditure  of  five-sixths 
of  a  horse  power  for  the  same  production  as  in  the  preceding  case 
(50  tons  in  10  hours). 

A  Schmitt  apparatus,  on  the  contrary,  gives  much  more  favora- 
ble results.  The  expenditure  of  motive  force  for  the  operations 
other  than  the  displacement  of  the  ore  inside  the  apparatus,  is  as 
above  1 2  kilogram-meters.  If  we  assume  a  production  of  50  tons 
in  10  hours,  the  apparatus  having  a  diameter  of  I.40  meters,  and 
revolving  at  a  rate  of  lO  revolutions  per  minute,  the  quantity 
passed  per  revolution  will  be : 

Q  %  —l°f°Z       =  8-3  kilograms. 
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We  have  then : 

W=  i.ieXflTX^^X  Q. 

DO 

W:=2.\  kilogram-meters  per  second. 

Adding  half  of  its  value  to  this  figure  for  safety,  we  get  an  ex- 
[ienditure  of  motive  force  of  3  kilogram-meters  in  the  same  cir- 
cumstances where  the  trommel  gave  20  kilogram- meters,  which 
gives  a  ratio  of  I  :7  between  the  expenditures  of  motive  force. 
The  ratio  of  i  :  6  given  by  Mr,  Schmitt  is  thus  fully  justified. 

Another  advantage  of  this  apparatus  consists  in  the  small  pro- 
portion of  fine  dust  which  it  produces,  and  which,  although  less 
injurious  for  the  sorting  of  ore  than  for  that  of  coal,  is  none  the 
less  the  cause  of  actual  loss. 

Now,  the  production  of  fine  dust  is  directly  connected  with  the 
length  of  the  course  traversed  by  the  ore  inside  the  apparatus. 
Let  us  then  compare  the  course  7"  traversed  by  a  fragment  of  ore 
in  the  various  sizers  giving  the  same  number  of  sizes,  as,  for  ex- 
ample, 7. 

1st.  A  trommel  of  7  successive  plates  (with  holes  of  increasing 
diameter).  Assume  that  to  obtain  a  satisfactory  sizing  in  this  ap- 
paratus, the  finest  grains  must  make  1 3  revolutions  and  the  coarsest 
grains  6  revolutions,  which  corresponds  to  an  average  of  9  revolu- 
tions of  2  meters  each. 

We  have  then : 

7"=  2  X  9  X  7  =  1 26  meters. 

2d.  Seven  elevated  trommels  with  decreasing  holes.  Considers 
revolutions  of  2  meters  inside  each  trommel  and  1  meter  for  each 
of  the  six  intermediate  chutes  between  the  trommels. 

We  then  have : 

T=  (2  X  8  X  7)  -t-  (6  X  I  =  1 18  meters. 

3d.  Schmitt- Man derbach  apparatus  of  7  plates,  outside  diame- 
ter, 1.80  meters;  inside  diameter,  i  meter;  the  mean  diameter  is 
then  1.40  meters,  and  the  circumference  4.40  meters. 

We  have  then : 

7"=  4.40  X  7  =  30.80  meters. 
Comparing  the  first  and  second  types  of  screen  it  appears  that  T 
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has  the  same  value,  and  it  would  seem  inimaterial  which  of  them 
we  compared  with  the  Schmitt  apparatus  with  regard  to  the  dust 
which  they  produce.  This  would  be  a  grave  error.  In  reality, 
the  sizing  is  by  no  means  conducted  in  the  same  way  in  trommels 
with  successive  plates  as  in  elevated  trommels.  In  these  last,  as 
is  shown  in  table  given  previously,  the  first  two  trommels  of  the 
series  separate  75  per  cent,  of  the  total  mass,  whereas,  in  trommels 
with  successive  plates,  75  per  cent,  travels  through  through  three- 
quarters  the  length  of  the  plates.  The  paths  followed  by  these 
75  per  cent,  will  then  be: 

1st.     In  the  case  of  trommels  with  successive  plates : 

0.7s  7"=  0.7s  X  126  :=  94  melers. 

2d.     In  the  case  of  elevated  trommels : 

(2  X  8  X  2)  +  I  =  33  meters. 

The  ratio  between  the  weights  of  dust  obtained  in  these  two 
cases  IS  94 :  33,  or  3 :  i  for  75  per  cent,  of  the  total  mass. 

Regarding  the  remaining  25  per  cent.,  the  presence  of  large 
fragments  renders  their  sorting  much  less  favorable  in  the  case  of 
trommels  with  Successive  plates,  and,  as  for  the  first  75  per  cent,  of 
the  total  mass,  the  ratio  of  3  :  i  may  be  adopted  for  them.  This 
being  so,  it  is  sufficient  to  compare  the  Schmitt  apparatus  with  a 
system  of  elevated  trommels.  It  is  thus  proved  that  the  ratio  of 
values  of  T  for  these  two  sizers  is  as  1:4,  The  ratio  of  the 
weights  of  dust  produced  will  then  be  i  :  4  between  the  Schmitt 
apparatus  and  the  series  of  elevated  trommels,  and  I  :  1 2  between 
the  same  apparatus  and  the  trommels  with  successive  plates. 

IV. — Treatment  of  Grains. 
{a)  Method  0/  Treatment. — Grains  include  all  pieces  superior  in 
size  to  .5  millimeters.  The  sizing  of  these  products  is  efTected  by 
screens,  as  described.  The  treatment  of  the  various  sizes  is  ac- 
cording to  the  principles  of  equivalence  (Gleichfalligkeit)  in  jigging 
apparatus.  The  jigs  are  either  continuous  jigs  or  filtering  jigs- 
The  use  of  filtering  jigs  was  formerly  confined  to  the  finer  grains, 
but  is  now  extended  to  grains  of  larger  size.  Thus,  at  Steinen- 
bruck,  grains  of  14  millimeters  are  now  treated  on  filtering  sieves. 
The  extreme  delicacy  of  this  method,  the  operation   of  which  is 
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controlled  by, the  nature  of  the  filtering  bed,  has  even  led  to  the 
simultaneous  employment  of  the  continuous  and  the  filtering  dis- 
charge in  the  same  machine.  The  application  of  this  method  has 
just  been  tried  at  Laurenburg  under  the  following  conditions; 
Grains  of  from  3  to  1 5  millimeters  in  size  are  treated  upon  a  jig 
with  screens  of  8  millimeters  of  square  mesh.  This  jig  retains  all 
the  products  above  that  size,  which  subsequently  form  a  filtering 
bed,  through  which  the  products  of  a  smaller  size  undergo  con- 
centration before  reaching  the  sieve,  through  the  holes  of  which 
they  pass.  In  the  same  works  theyjig,  upon  a  sieve  of  I  millime- 
ter, products  3  millimeters  and  less.  Thus  they  are  enabled  at 
Laurenburg  to  increase  the  product  of  the  apparatus,  and  at  the 
same  time  make  two  jigs  do  the  work  of  four,  viz.,  of  two  filtering 
jigs  for  products  less  than  8  millimeters  in  the  one  case  and  less 
than  I  millimeter  in  the  other,  and  two  continuous  jigs  for  the 
products  coarser  than  these  figures. 

With  regard  to  continuous  jigs,  the  only  innovation  worthy  of 
note  is  in  the  number  of  sieves  used  for  the  treatment  of  a  given 
kind  of  product.  If,  for  example,  it  is  required  to  treat  upon  a 
continuous  jig  a  material  containing  two  useful  minerals,  recourse 
is  had  to  a  screen  of  four  sieves,  the  first  of  which  retains  the 
heaviest  product,  the  third  the  lightest,  the  second  a  mixture  of 
these  two  sorts,  the  fourth  a  mixture  of  the  lighter  mineral  and 
gangue,  the  overflow  from  the  last  compartment  being  clean 
gangue.  For  this  plan,  which  is  the  one  generally  adopted,  they 
have  recently  substituted  at  Ems  continuous  jigs  with  but  three 
screens.  The  first  gives  the  heavier  mineral,  the  second 
a  mixture  of  the  light  and  the  heavy  minerals,  and  the  third  a 
mixture  of  light  mineral  with  gangue.  The  product  overflowing 
from  the  last  compartment  is  clean  gangue,  as  above.  At  first 
sight  this  method  seems  to  be  less  advantageous  than  the  preced- 
ing, inasmuch  as,  instead  of  having  the  two  finished  products  fur- 
nished by  the  first  and  third  screen  in  the  first  case,  they  can  obtain 
but  one  finished  product  in  the  second  case ;  that  is  to  say,  the  one 
from  the  first  screen.  This  is  not  so ;  for  by  giving  a  sufficient 
number  of  strokes  to  the  piston  only  the  quantity  of  waste  admis- 
sible in  the  smelting  operation  is  left  upon  the  third  screen.  There 
has  been  thus  efiected  not  only  a  simplification  in  the  apparatus 
by  the  suppression  of  the  fourth  screen,  but  also  a  reduced  number 
of  products  to  be  rejigged  from  two  in  the  four-sieved  jig  (pro- 
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ducts  from  the  second  and  fourth  screens)  to  one  in  the  three-sieved 
jig  {the  products  from  the  second  screen  only). 

(b)  Apparatus. — The  construction  of  the  jigs  shows  but  few  im- 
provements. There  is,  however,  a  tendency  toward  the  abandon- 
ment of  complicated  arrangements,  of  which  the  jig  at  Bleyberg 
is  an  example.  The  discharge  of  the  products  in  continuous 
sieves  is  effected  either  by  means  of  a  bell  shaped  tube  analogous 
to  that  of  the  Moresnet  jig,  or  by  means  of  a  slot  across  the  end  of 
the  sieve,  Theadjustment  of  this  opening  is  effected  by  means  of  a 
screw  of  the  type  adopted  at  Clausthal  and  at  Lautenthal  {Fig.  1 1 ). 

At  these  works  the  method  of  discharge  is  varied  to  suit  the 
special  conditions  in  each  case.  Thus,  in  the  latest  models  of  jigs, 
a  bell-shaped  pipe  discharge  is  used  for  the  first  sieve  in  order  to 
avoid  a  too  rapid  flow,  and,  consequently,  an  imperfect  jigging  of 
(Scale  ^,.) 


the  products  at  their  entrance  into  the  apparatus;  the  use  of  the 
slot,  which  does  not  by  any  means  give  to  the  work  the  same  uni- 
formity as  the  bell-shaped  pipe,  does  not  present  the  same  incon- 
veniences for  the  subsequent  sieves  as  it  does  for  the  first  one,  by 
reason  of  the  reduced  speed  with  which  the  materials  flow  from 
the  first  to  the  other  compartments. 

Lastly,  it  is  necessary  to  note  an  arrangement  adopted  at  Ems 
in  the  discharge  trough  from  the  last  sieve.  The  overflow,  before 
going  to  the  waste  dumps,  passes  through  a  small  apparatus  with 
an  ascending  current  on  a  system  peculiar  to  Ems,  which  will  be 
described  later  on.  This  apparatus,  consisting  of  a  single  bo.x, 
collects  a  rich  product. 

V. — Treatment  of  the  Sands. 
(a)  Method  of  Treatment. — The  treatment  of  the  sands  {grains 
varying  in  size  from  0.50  millimeters  to  0.25  millimeters)  consists 
of  a  sizing  followed  by  a  sorting  according  to  specific  gravity. 
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A.  Sising. — Sizing  has  for  its  object,  first,  to  separate  products 
inferior  to  0.25  millimeters  or  slimes  ;  second,  to  divide  the  sands 
into  a  number  of  sizes  It  is  sometimes  done  in  a  trommel,  as,  for 
example,  in  Hartz.  However,  this  is  an  exceptional  case,  and  the 
sizing  in  trommels  of  sands  less  than  .50  millimeters  is  generally 
only  a  part  of  the  sizing  of  coarser  material  in  the  same  apparatus. 
The  treatment  is  commonly  effected  in  apparatus  with  an  ascend- 
ing current  of  water.  This  type  of  apparatus  has  customarily 
been  considered  as  founded  on  the  principle  of  equal  falling  grains, 
but  is  nevertheless  used  by  the  German  engineers  for  sizing 
and  preparing  the  material  for  the  different  forms  of  sorting 
apparatus,  which  will  be  discussed  later.  To  this  type  of  sizing 
apparatus  these  engineers  refer  the  spilskasten,  the  Ems  "  sandsor- 
tiv  apparat"  the  Meinicke  " sandsortiv apparat"  the  Weiss  " spits- 
gerinne"  and  the  Steinenbriick  " classificateur" 

B.  Sorting. — The  products  of  the  above  forms  of  ^paratus  are 
submitted  to  a  sorting  by  specific  gravity  either  on  bump  sieves 
{tamis  a  secoKsses),  in  filtering  jigs,  in  German  b^^A^^e5  {caissons  aile- 
tnavd),  or,  lastly,  upon  tables. 

The  principle  of  bump  sieves  is  connected  with  an  idea  so  prim- 
itive that  it  will  suffice  simply  to  mention  its  existence ;  it  is,.how- 
ever,  interesting  to  note,  in  the  works  at  Himmelfahrt  {Saxony),  a 
system  of  three  bump  sieves  which  treat  successfully  the  largest 
sizes  of  stamped  material  separated  in  an  ordinary  spitzkasten. 

The  German  buddle  (caisson  allemand)  is  also  a  very  antique 
apparatus,  and  is  to  be  found  only  in  the  Hartz,  where  it  survives 
in  spite  of  the  large  amount  of  hand  labor  which  it  requires ;  the 
perfect  separation  effected  in  the  hands  of  the  skilled  workmen  of 
that  region  suffices  to  explain  the  favor  which  this  apparatus  still 
enjoys. 

Filtering  jigs  are  the  type  par  excellence  for  this  work,  and  are 
distinguished  by  their  flexibility  and  the  ease  with  which  they  are 
regulated.  It  is  proper  to  note  here  the  apparatus  designed  at 
Mechernich,  under  the  name  of  hcberwdsche.  This  apparatus, 
which  has  been  described  often,  merits  mention  as  regards  its 
application  and  use,  which  have  heretofore  been  studied  far  less 
closely  than  the  details  of  its  construction.  It  will  be  seen  later 
on,  in  the  description  of  the  method  of  treatment  at  Mechernich, 
that  this  apparatus  is  used  in  combination  with  the  spitzkasten  in  a 
complete  series  of  successive  retreatments  through  these  two  kinds 
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of  separators.  This  treatment,  which  precedes  the  treatment  upon 
table,  appears  illogical  in  considering  the  essentially  distinct  char- 
acter of  the  spitzkasten  on  the  one  hand  and  the  keberwdsche  on 
the  other,  the  first  being  rather  a  sizing  apparatus  and  the  second 
an  apparatus  for  sorting  by  specific  gravity.  But  it  must  not  be 
forgotten  that  the  pecuhar  nature  of  the  ore  treated  at  Mechcmich 
justifies  the  complications  and  apparent  anomalies  of  the  methods 
there  employed.  The  combination  of  the  work  of  the  heberwascht 
with  that  of  filtering  sieves,  which  belong  to  the  same  class  of 
separators,  is,  on  the  contrary,  perfectly  logical.  However,  the 
kcberwascke  is  reserved  (or  the  treatment  of  sands,  and  is  not  ap- 
plied to  slimes,  which,  after  being  divided  into  a  number  of  classes 
by  a  passage  through  the  SfMtzkasten,  are  treated  either  on  round 
buddies,  Rittinger  tables,  or  on  revolving  tables,  a  part  of  the  in- 
termediate products  of  which  is  finally  washed  on  the  round 
buddies. 

Washing  tables,  considered  as  apparatus  for  sand,  and  not  as 
apparatus  for  slimes,  are  represented  by  the  end-bump-tables,  the 
Rittinger  tables  and  the  round  buddies.  The  end-bump- tables, 
in  spite  of  their  defects,  are  still  in  favor,  and  are  to  be  found  in 
the  plant  recently  constructed  at  Rms.  The  German  engineers 
realize,  it  is  true,  that  the  capacity  of  these  tables  is  less  than  that 
of  filtering  jigs,  that  the  expense  of  erection  and  the  consumption 
of  power  is  greater,  and  that  their  management  must  be  entrusted 
to  more  experienced  workmen  than  would  be  necessary  for  filter- 
ing jigs  ;  but  they  consider  these  disadvantages  to  be  largely  off- 
set by  the  following  considerations:  The  results  of  the  treatment 
upon  tableis  depends  less  upon  the  perfection  of  the  preliminary 
sizing  than  in  the  case  of  jigs. 

2.  The  passage  of  the  products  through  the  filtering  bed  of  the 
jig  produces  a  greater  quantity  of  dust  than  at  first  would  be  sup- 
posed. The  loss  which  thus  results  constitutes  a  real  disadvan- 
tage for  the  jigs  as  compared  with  the  tables  upon  which  pulveri- 
zation cannot  occur.  Regarding  round  buddies  there  is  a  diversity 
of  opinion  in  Germany.  At  Ems  it  is  contended  that  the  round 
buddle  is  applicable  to  coarse  sands  only,  and  that,  applied  either 
to  slimes  or  to  fine  sands  (about  0.25  millimeters),  the  losses  are 
notable.  Moreover,  these  losses,  they  add,  will  be  always  greater 
in  round  buddies  than  on  bump-tables  or  filtering  jigs.  The  engi- 
neers of  Ems,  however,  do  not  compare  the  preceding  tables  or 
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filtering  sieves  with  the  Rittinger  tables,  which  they  reserve  exclu- 
sively for  the  treatment  of  slimes.  The  works  at  Laurenburg  like- 
wise furnish  an  example  of  the  use  of  longitudinal  bump-tables. 

These  opinions  are  not  shared  by  other  engineers,  as  is  proved 
by  the  presence  of  round  buddies  in  the  recently  erected  plant  at 
Weissshafl,  in  which  not  a  bump-table  is  used. 

Fig,  14.     (Scale  j^j.) 


The  opinions  upon  sorting  of  sands  which  prevail  in  the  Hartz 
and  Saxony  conform  exactly  to  those  laid  down  in  the  treatises  on 
ore  dressing.  The  important  innovation  to  be  noted  in  these  two 
regions  is  the  use  of  the  Meinicke  classifier,  which  will  be  de- 
scribed later. 

It  is  only  in  Saxony  that  the  Rittinger  table  is  used  for  the 
treatment  of  sands,  and  that  in  the  Hartz  this  apparatus  in 
general  receives  only  the  products  already  treated  on  filtering 
sieves. 

(p)  Apparatus. — I  will  limit  myself  to  describing  the  apparatus 
which   by  reason  of  improvements  or   by  their   novelty   invite 


Figs.  15  and  i6,     (Scale  yjg.) 

A 


attentioi 


/"■  Spitskaslen. — The  most  recent  type  of  spitzkasten  is  that 
which  was  constructed  in  1887  at  Friedrichssegen.  This  apparatus 
is  shown  on  plan  in  Fig.  1 2,  white  Figs.  13  and  14  give  longitudinal 
and  transverse  sections  respectively.  It  is  composed  of  two  par- 
allel ranges  of  twenty- four  compartments  each.  The  sands  to  be 
separated  enter  at  *n  traverse  the  whole  of  the  first  range  of 
twenty- four  compartments,  then  pass  by  the  pipe  n  from  the  first  to 
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the  second  range.  The  products  deposited  in  four  successive  com- 
partments are  united  in  a  duct  c  which  is  prolonged  by  the  trough 
d.  The  water  cleared  by  the  deposition  of  these  products  flows  off 
from  each  compartment  through  the  duct  b,  except  that  from  the 
first  four  compartments  which  contains  too  much  sand.  The  ducts 
b  which  discharge  at  95  millimeters  below  the  upper  side  of  the 
spilzkasten,  meet  a  duct  D  on  each  half  of  the  apparatus  dis- 
charging itself  into  a  trough  F  which  carries  the  water  to  the 
washing  tables.  A  series  of  openings  on  the  long  sides  of  the 
apparatus  and  in  the  face  of  each  compartment  permits  the  taking 
of  samples  to  determine  the  nature  of  the  products  deposited. 
Each  T^f  these  openings  is  normally  closed  by  a  cast-iron  disc 
(see  Figs  15  and  16),  movable  about  the  point  O  of  the  wall  of  the 
spitzkasten  and  provided  with  an  end  Q  used  as  a  handle  which  in 
the  closed  position  is  engaged  in  the  stirrup  E. 

2°.  Tlie  Sand-sorlk'apparat  {sand  classifier)  of  Ems. — This  is  a 
modified  spitzkasten  with  an  ascending  current.  In  the  old  form  of 
spitzkasten,  where  the  ascending  current  of  water  is  produced  by 
a  vertical  pipe  terminating  near  the  discharge  opening,  there  is 
produced  in  each  box  a  sort  of  "  floating  cloud,"  the  disadvan- 
tages of  which  have  been  early  shown.  A  remedy  has  been 
sought  in  the  equally  old  trough  classifier  {ipilzlulie)  with  a  con- 
tinuous discharge-slit  at  the  bottom.  This  trough  is  placed  inside 
a  rectangular  wooden  box  in  which  the  ascending  current  of  water 
is  introduced.  The  disadvantages  arising  Irom  the  discontinuity 
of  pointed  boxes  is  thus  avoided,  and,  if  the  apparatus  is  of  suf- 
ficient dimensions  each  division  of  grains  will  seek  a  section  where 
the  velocity  permits  its  descent  and  deposition. 

The  objection  to  this  is  its  cumbersone  dimensions  which  have 
been  reduced  in  the  apparatus  at  Ems,  retaining  the  same  principle. 

The  Ems  sand  classifier.  Figs.  17.  18  and  19  consists  of  a  series 
of  boxes  equal  in  number  to  the  number  of  divisions  which  are 
to  be  obtained.  Each  of  these  boxes  is  larger  than  the  pre- 
ceding one. 

A  longitudinal  section  of  an  apparatus  of  four  boxes  is  shown 
in  Fig.  17.  Fig.  18  is  a  plan, and  Fig.  19  a  transverse  section, a^, 
andf  (/are  the  two  inclined  walls  corresponding  to  the  sides  of  the 
trough  classifier;  b c  \a  the  slit  for  the  ascending  current  pro- 
duced by  the  pipes  I  discharging  at  O  into  the  box  below  the 
trough  a,  b,  c,  d.     The  products  are  deposited  at  the  discharge/ 
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into  the  troughs  g  in  each  box.  The  apparatus  can  treat  800  liters 
per  minute.  The  cross-section  of  any  element  is  double  that  of  the 
one  immediately  preceding  it,  which  corresponds  to  a  ratio  between 
the  dimensions  of  homologous  parts  equal  to  ^Z  2  ^  i-4'4- 

3°.    The  Meinicke  Sand  Classifier  (Figs.  20-26)  consists  of  a 


z 


The  Ema  Sand  Classifier, 

wooden  box  A  in  which  the  ascending  current  is  produced  by 
means  of  a  pipe  R.  The  sands  to  be  treated  enter  at  M  and  the 
lighter  portion  is  carried  off  by  the  trough  A''.  The  heavier 
products  fall  into  the  box  A,  and  are  submitted  to  a  sorting  by  the 
ascending  current  of  water.  In  the  original  type,  which  dates 
VOL.  XIV.— 23 
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from  1887  (Figs.  20,  21,  22,  23),  the  wash  water  was  supplied  by 
the  cocks  R„  R„  R^  R^.  The  current  produced  by  each  cock, 
after  having  passed  the  shoulders  shown  at  /„  /„  p^.  p^,  meets  the 


products  which  descend  at  y„  ft,  ft,  ft.  The  duct  d,  regulated 
by  the  gate  S^  allows  the  lighter  portions  which  have  descended 
into  5  to  be  united  with  the  portions  directly  carried  at  JV. 


**5i 


n 


Original  Meinicke  Sand  Claisifier. 


The  old  construction  has  been  modified  in  the  manner  of  dis- 
charging the  products,  the  cocks  Rj,  Rp  R^  and  the  slits  ?„  ft,  ft 
have  been  suppressed. 
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The  modified  apparatus  is  shown  in  Figs.  24,  35  and  26,  of  which 
Fig.  24  shows  a  vertical  projection,  Fig.  25  a  vertical  projection 
on  a  plane  perpendicular  to  the  preceding  one  and  Fig.  26  a  hori- 
zontal projection,  the  letters  having  the  same  significance  as 
those  in  Figs.  20,  21,  22  and  23,  R  being  the  single  pipe  by 
which  the  water  for  washing  enters.  The  elements  of  construc- 
tion and  details  of  operation  are  given  in  by  the  following  table 
(p.  348). 


Fifl.  25, 


I       ^ 


^ 


The  Modilied  Meiaielce  Sand  ClasMfier. 

By  calling 

6  the  inside  width  F  G  oi  the  box  A, 
*,  the  outside  width  CD  of  the  box  A. 
Z,  the  length  ^X 

L^  the  horizontal  dimensions  Z  Y  oi  the  box  A. 
A,  the  diflerence  in  level  between  A!"^and  the  bottom  of  pipe  </, 
at  the  point  where  it  leaves  the  apparatus. 
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/(,  the  difference  in  level  between  A'-Y'and  the  bottom  of  pipei/, 
at  the  point  where  it  leaves  the  apparatus. 


As  the  dificrencc 


in  level  between  A"  JTand  the  bottom  of  pipcr/j 


at  the  point  where  it  leaves  the  apparatus 

/(j  the  difference  in  level  between  K  X  and  the  bottom  of  pipe  d, 
at  the  point  where  it  leaves  the  apparatus. 

A,  the  difference  in  level  between  ATXand  the  bottom  of  pipe  N. 

Hx'a.t:  difference  in  level  between  A'Xand  VI. 

The  apparatus  treats  ten  liters  per  minutepercentimeter  of  inside 
width,  the  water  containing  6  to  8  per  cent,  in  volume  of  solid 
matter. 


V«Iue  of  h  in  miltimetem.... 

.           250-350 

35*:- 700 

700-1000 

■'      Z, 

aaso 

1250 

M50 

"      Z, 

750 

900 

1050 

•■      H 

1550 

'730 

2050 

■■      t. 

.        i+80 

*+10O 

_*fioo 

Liiinensions  of  greins  in  mm 

■■      -^S  1     2-S 

•as       2-5 

■  *S  j     a.5 

rf, 

550      660 

600  1    710 

700  '    760 

A, 

.     550  1    610 

too!     6«o 

700  ,     760 

*. 

.1    500'    560 

500'     560 

600       660 

A, 

.!    500  .    S'o 
.1    400  1    400 

500  i     560 
400       400 

600       610 
4SO       450 

*M 

This  apparatus,  which  is  in  actual  use  at  Churprinz  (Saxony), 
at  Clausthal  and  at  Lauthenthal  (Hartzj  under  conditions  which 
will  be  described  later,  differs  essentially  from  the  sand  sorting 
apparatus  of  Ems  in  that  the  influence  of  the  diminution  of  the 
washing  inside  the  apparatus  does  not  enter  into  the  discussion. 
In  sorters  where  this  diminution  occurs,  when  the  size  which  is 
first  deposited  is  the  size  which  is  largest  and  heaviest,  and  the 
water  for  washing  is  principally  used  to  separate  from  the  size 
which  is  deposited  and  to  unite  with  the  portions  carried  by  the 
current,  the  finer  stuff;  the  water  lor  washing  tends  to  increase  the 
volume  of  the  washings,  and  consequently  diminish  its  degree  of 
concentration.  In  the  Meinicke  apparatus,  on  the  contrary,  the 
lightest  division  is  separated  first  and  the  water  is  only  introduced 
once  into  the  middle  of  the  washings.     Thus  a  more  perfect  sort- 
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ing  is  obtained  together  with  an  economy  of  water  and  the  useless 
dilution  of  the  washings  is  avoided.* 

4'  Round  Buddie. — The  only  improvement  to  be  noted  in  this  - 
apparatus  consists  in  the  convex  and  slightly  barrel-shaped  form 
given  to  the  round  buddle.s  in  the  stamp  mill  ('  Pochwerk")  of  the 
Ciausthal  dressing  works.  This  construction  serves  to  retain 
more  easily  the  galeniferous  products  which  accumulate  at  the 
upper  part  of  the  table,  while  the  washing  away  of  the  blende  which 
is  collected  at  the  periphery  of  the  apparatus  is  accelerated  by  the 
greater  inclination  which  the  washing  table  presents  at  that  zone. 


NOTES  ON  THE  LOWER  COAL  MEASURES  OF  WEST- 
ERN CLEARFIELD  COUNTY,  PENNSYLVANIA. 

By  J.  F.  KEMP. 

The  publication  of  Bulletin  65,  of  the  United  States  Geological 
Survey,  by  I.  C.  White  on  the  "Stratigraphy  of  the  Bituminous 
Coal-Field  in  Pennsylvania,  Ohio  and  West  Virginia,"  gave  to  the 
public  the  most  important  number  of  this  scries  of  Bulletins.  It 
has  served  not  only  the  useful  purpose  of  placing  at  general  dis- 
posal an  indispensable  book  of  reference,  but  in  the  citation  of 
geological  sections  throughout  the  region,  it  has  also  indicated 
those  areas  which  as  yet  lack  them,  and  which  need  exploration 
and  record.  To  fill  up  such  a  gap  in  an  important  district  is  the 
object  of  these  notes. 

Clearfield  county  lies  in  central  Pennsylvania,  west  of  the  main 
folds  of  the  Alleghenies,  and  in  the  eastern  edge  of  the  bituminous 
coal-fields.  The  drainage,  however,  still  flows  eastward  mainly 
through  the  west  branch  of  the  Susquehanna.  The  First  Bitu- 
minous Coal  Basin  is  on  its  eastern  boundary,  and  in  it  the  coal 
has  long  been  mined  near  Houtzdale,  Osceola,  and  Phillipsburg, 

•  II  must  be  remembered  thai  the  application  of  ihis  apparalus  in  ihe  Ciausthal 
works  hBS  not  given  the  results  expeeled.  The  reason  must  he  sought  in  the  nature 
or  the  sands  treated  at  Ciausthal.  The  largest  size  furnished  by  this  apparalus  con- 
tains too  large  a  proportion  of  large  grains  which  roll  on  the  washing  tahles  with  a 
velocity  that  excludes  all  methodical  sotting.  In  the  Spitzkasten,  on  the  contrary, 
the  quantity  of  slimes  mingled  with  Ihe  large  grains  is  sufficiently  great  to  retard  the 
movement  of  these  grains  upon  the  washing  surface. 
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and  shipped  eastward  especially  for  steaming  purposes.  The 
Lower  Freeport  has  been  the  most  highly  esteemed  seam.  The 
First  Anticlinal  separates  this  from  the  Second  Basin  which  con- 
tains the  flourishing  towns  of  Clearfield  and  Curwensville,  and  in 
whose  trough  flows  the  west  branch  of  the  Susquehanna  for  much 
of  its  course.  The  river  has  the  Lower  Productive  Measures  for 
its  bed  above  the  small  town  of  Bellville  and  for  about  two  miles 
below,  but  at  a  crossing  known  as  the  Hoyt  Bridge  it  passes  to  the 
Pottsville  Conglomerate  on  which  it  continues  for  the  remainder 
of  its  course.  These  details  are  somewhat  different  from  the  map 
by  Dr.  Chance — which  accompanies  Report  47  of  the  Pennsylva- 
nia Survey,  late  drilling  and  prospecting  having  furnished  new 
data. 

Professor  White  gives  sections  of  the  Lower  Productive  Measures 
near  the  town  of  Clearfield  where  they  are  found  on  the  hills,  and 
also  others  in  Jefferson  and  Indiana  counties  far  to  the  west.  To 
these  may  now  be  added  the  following  which  are  from  fifteen  to 
twenty  miles  from  his  nearest  one,  and  in  a  region  lately  opened 
up  by  new  railways.  The  axis  of  the  synclinal  trough  pitches 
gradually  southwestward  so  that  two  miles  above  the  Hoyt  Bridge 
the  river  is  a  hundred  feet  or  so  over  the  top  of  the  Pottsville 
Conglomerate,  which  at  Lumber  City,  two  miles  below  the  Hoyt 
Bridge,  is  about  forty  feet  above  the  river.  On  the  Conglomerate, 
which  is  here  a  coarse  sandstone,  there  lies  the  fire  clay  so  much 
used  at  Woodland.  No  complete  section  of  it  is  well  shown,  but 
the  float  all  along  this  stretch  proves  its  presence,  and  local  reports 
assign  it  a  thickness  of  8  to  12  feet,  which  is  probably  greatly 
exaggerated.  Over  this  comes  the  A  coal-seam,  a  thin  valueless 
bed,  but  showing  in  a  prospect  just  above  the  Hoyt  Bridge.  It 
was  dug  years  ago,  is  now  fallen  shut  and  no  reliable  data  can  be 
obtained,  except  that  it  was  poor.  Above  the  coal  lies  the  Clarion 
sandstone,  filling  an  interval  of  seventy  feet  before  the  next  coal- 
seam  is  met.  The  sandstone  is  massive  and  affords  huge  blocks 
by  its  weathering.  It  contains  about  90  per  cent,  silica.  It  cuts 
out  the  Clarion  coal-seam  as  no  traces  of  this  appear.  No  evidence 
of  the  Ferriferous  limestone  was  met  in  the  same  interval. 

Over  this  comes  the  B  or  Lower  Kittanning  seam.  It  is  a 
double  one,  and  affords  from  2  feet  6  inches  to  4  feet  in  the  lower 
bench.  Between  this  and  the  upper  there  are  from  4  to  10  feet 
of  slate,  and  then  the  upper,  bench  of  3  to  4  feet  of  coal.     These 
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data  were  gathered  from  several  drill-holes  near  Bellville,  and 
from  Passmore's  country  bank  a  mile  below  the  town.  The  latter 
is  opened  on  what  is  doubtless  the  upper  bench.  Forty  inches  of 
coal  are  exposed,  with  a  two-inch  mining  slate  midway.  An 
average  sample  from  several  tons  on  the  tipple  afforded : 

Vobilill  Filed 

MDlinin.  MatKr.  Cuban.  Ath.  Sulphur. 

0.79  27.76  60.96  10.48  1.18 

The  coal  gives  a  fairly  firm,  dark  gray  coke.  The  seam  thus 
affords  a  coking  coal,  rather  high  in  ash,  and  sulphurous.  Washed 
samples  from  a  number  of  drill-holes  in  other  parts  of  the  neigh- 
borhood yielded  much  less  ash  for  the  upper  bench  than  the  lower, 
but  never  less  than  8  per  cent,  for  the  former. 

About  thirty  feet  over  the  B  seam  at  Passmore's,  a  bench  shows 
which  yielded  a  2-foot  seam  to  an  old-time  prospect.  It  appears 
across  the  river  in  the  Beech  Creek  railway  cut  at  two  feet,  and  is 
reported  from  drill-holes  up-stream  at  one  foot.  This  is  the  Middle 
Kittanning  or  C  seam.  Some  60  feet  over  this  at  Passmore's. 
the  Upper  Kittanning  or  C  seam  has  been  opened  by  Eli  Pass- 
more.  The  prospect  shows  27  inches  of  coal,  with  the  upper  part 
bony.  Very  bituminous,  black  slates  are  below  it,  which  in  drill- 
holes with  the  oil  rig,  have  given  exaggerated  ideas  of  its  thicknesss.. 

Above  this  seam  in  drill-holes  on  both  sides  of  the  river  an  un-- 
precedented  interval  has  been  found  before  the  D  seam  is  met.. 
Although  the  interval  is  placed  by  Chance  as  in  general  42  to  50. 
feet  (Report,  H  7,  p  27),  the  drills  found  no  coal  for  over  130  feet, 
nor  anything  that  would  take  its  place.  This  great  interval  brings, 
up  the  total  thickness  of  the  Lower  Productive  Measures  to  a  very 
large  figure.  North  of  the  river  the  D  or  Lower  Freeport  is- 
mincd  at  Frank  Johnson's,  with  coal,  34  inches ;  slate,  2  inches  ;; 
coal,  6  inches.  The  coal  is  clean  and  handsome,  and  afforded. on. 
analysis  of  a  sample  from  the  tipple : 


0.99  27.73  65.99  5.08  1.38 

The  coke  is  dark,  silvery,  and  firm.  A  sample  all  across  the 
seam  gave  5.4  per  cent.  ash.  Further  north  the  seam  increases  to 
4  feet,  and  still  further,  at  the  Miller  opening,  PennvJIle,  where  it 
is  mined  and  shipped,  it  has  6  feet.     There  are  two.mining  slates. 
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I  foot  and  2  feet  from  the  roof  respectively.  A  sample  from  five 
car-loads  yielded  5  per  cent,  ash.  This  is  the  best  coal  of  the 
region.  South  of  the  river  drill-holes  report  it  at  3  feet,  and  at 
a  very  shallow  prospect,  still  in  smut,  it  gave  26  inches,  whose 
solid  coal  aflbrded  5.64  per  cent-  ash. 

About  40  feet  above  the  D,  at  Frank  Johnson's,  is  the  D'  or 
Upper  Freeport,  with  a  bed  of  limestone  below  it.  The  coal  is 
said  to  be  28  to  32  inches.  Further  north,  at  the  Miller  opeiiing, 
Pennville,  the  interval  is  15  to  20  feet,  and  the  D'  seam  is  mined 
at  33  inches,  A  sample  from  a  pile  of  50  tons  gave  7  per  cent. 
ash.  The  coal  is  a  handsome  one  in  appearance.  South  of  the 
river  it  is  thinner,  showing  about  2  feet  in  the  holes. 

In  general,  the  measures  pitch  with  the  axis  of  the  trough  to  the 
southwest  quite  sharply.  The  bottom  of  the  syncline  is  probably 
a  little  south  of  the  river,  and  there  are  some  minor  rolls  and 
irregularities. 

Generalized  Section. 

Upper  Freeport  or  E  seam, 34  to  33  inches. 

Interval  iviih  limestone tj  to  40  feet. 

Lower  Freeport  or  D  seam 3  to  6  feel. 

Interval I30  feet  plus. 

Upper  Kiltanning  or  C  seam 17  inches. 

Interval 60  feet. 

Middle  Kittanning  or  C  seam 13  to  14  inches. 

Interval 30  feel. 

Lower  Kittanning  or  B  seam — upper  bench,       .  36  to  4S  inches. 

"  ■'  slale,  .        .  4  to  10  feet, 

"  "  lower  bench,  .     30  to  48  inchei. 

Sandstone  (Clarion), 70  feet. 

Brookville  or  A  seam,         ....... 

Fire-clay 

Pottsville  Conglomerate 

Toul  for  Lower  Productive  Measures,        .  323  lo  352  feel  pluB. 

The  Second  Anticlinal  separates  the  foregoing  basin  from  the 
Third  or  Reynoldsville  Basin.  This  is  the  scene  of  great  devel- 
opment to-day,  and  several  large  companies  are  in  full  operation, 
which  have  been  inaugurated  since  Dr.  Chance's  report  in  1883. 
Exceptionally  fine  steaming  coals  are  afforded.  The  following 
section  was-compiled  near  Luthersburg,  in  the  eastern  edge  of  the 
basin,  and  is  ba-sed  upon  repeated  aneroid  readings  for  the  seams 
on  the  surface  and  on  drill  records,  to  which  I  have  had  access  for 
the  portion  below : 
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Mahoning  Sandstone  on  the  Hilt-tops  : 

Upper  Freeporl  or  E  seam  (locally  called  the  Brisbin),         .  .  6  feet. 

Iiilerval  with  limestone, 40  Teet. 

Middle  Freeport  or  D'  seam— smut, 10  inches. 

Interval 20  feet. 

Lower  Freeport  or  D  seam — smut, 2S  inches. 

InlervEtl 30  feet. 

Upper  KittBoning  or  C  seam  (locally  called  the  Wet  vein)— 

smut, 36  inches, 

Inietval 40  feel. 

Middle  Kittanning  or  C  seam  (locally  called  the  Potshop) 

— smni, 37  inches. 

Interval  (including  surface  of  ground),       ....  50  feet. 
Place  of  Lower  Kittanning  or  B  seam,  shown  by   black 

slate  in  drill  hole, 3  inches. 

Clarion  sandstone, 37  feet. 

Slates,  shales,  etc., 67  feel. 

Place  of  Brookvilie  or  A  seam— coal few  inches. 

Pot tsvi lie  Conglomerate 175  feel. 

Red  Mauch  Chunk  shale,  shown  by  dnll,  .... 

Total  for  Lower  Productive  Measures, 266. 

Pott9vi11e  Conglomerate 175. 

Several  analyses  gave  the  following  results : 


„*™ 

ii-rr 

Carbon. 

A,h. 

Sulpliur. 

Middle  KittanningorCseam,  outcrop      3,29 

2833 

63.»S 

6.32 

O.SS 

Upper  Kittanning  orC'seam,  outcrop!     1.03 

29.30 

61.20 

8.46 

'S' 

Lower  Freeport  or  D  seam,  outcrop.     7-4* 

29.36 

5461 

8.69 

0.42 

Upper  Freeport  or  E  seam,  Brisbini 

30.29 

60.56 

7.95 

1.S0 

All  the  measures  dip  toward  the  northwest  at  about  1 50  feet  to 
the  mile,and  a  great  cover  of  Lower  Bairen  Measures  soon  comes 
in  over  them.  There  are  some  minor  rolls  in  addition  to  the 
general  dip. 

What  drilling  has  been  done  to  the  north  in  Union  township 
has  given  slight  encouragement.  Where  present,  the  coals  are 
thin. 

The  analyses  recorded  above  were  kindly  and  gratuitously  made 
for  the  writer  by  Prof.  L.  M,  Dennis,  of  Cornell  University,  to 
whose  aid  much  of  the  value  of  the  record  is  thus  due. 
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THE  OLD  TELEGRAPH  MINE,  BINGHAM  CANON. 
UTAH. 

Bv  CLARENCE  FENNER. 

The  vein  on  which  the  Old  Telegraph  mine  is  located  is  the 
most  important  one  in  Bingham  Caiion.  There  are  numerous 
other  veins,  from  some  of  which  large  quantities  of  ore  have  been 
taken,  but  none  of  these  equal  the  Old  Telegraph  in  size  or  in 
value  of  ore  produced. 

Northeast  of  the  Old  Telegraph  property  is  the  Brooklyn  mine, 
and  southwest  are  the  Jordan  and  Galena  mines.  All  the  indica- 
tions are  that  they  belong  to  the  same  lode.  The  Brooklyn  mine 
has  been  extensively  worked,  but  is  now  almost  closed  down. 
The  Jordan  and  Galena  have  also  produced  much  ore,  and  arc 
still  in  active  operation.  There  are  other  mines  which  are  sup- 
posed to  be  on  this  same  vein,  and  altogether  the  vein  can  be 
traced  for  three  or  four  miles. 

It  is  probably  a  true  fissure-vein,  but  in  most  cases  follows  the 
bedding- planes  of  the  adjacent  stratified  rocks.  These  stratified 
rocks  are  limestone  or  quartzite.  The  limestone  is  not  of  frequent 
occurrence,  but  there  is  one  bed  forming  the  foot-wall  of  the  vein 
in  places.  It  is  white  and  crystalline,  and  resembles  marbW .  The 
thickness  is  not  shown.  The  quartzite  is  of  two  kinds:  First, 
ordinary  white  quartzite;  and  second,  a  cherty  variety,  often  of  a 
glassy  or  semi-opaline  appearance. 

The  stratification  of  the  beds  is  quite  apparent.  The  dip  is  at 
about  30°  from  the  horizontal,  and  in  a  direction  somewhat  west 
of  north.     The  strike  is  northeast  and  southwest. 

The  workings  of  the  mine  are  situated  on  the  two  sides  of  Bear 
Gulch.  This  gulch  is  the  upper  extension  of  Bingham  Caflon.  It 
has  an  approximately  north  and  south  direction.  Lower  down 
the  gulch,  toward  the  town  of  Bingham,  the  dip  of  the  strata  be- 
comes less,  and  at  the  town  they  lie  in  nearly  horizontal  beds. 

Besides  the  stratified  rocks,  there  are  numerous  dykes  of  igneous 
material  which  have  broken  through.  These  dykes  are  sometimes 
granite  and  sometimes  a  white  quartz-porphyry.  They  also  ap- 
pear to  follow  more  or  less  closely  the  planes  of  the  stratified 
rocks,  but  I  have  not  had  an  opportunity  to  determine  this  care- 
fully. 
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The  walls  of  the  vein  differ  in  various  parts  of  the  mine,  show- 
ing that,  in  places,  the  original  fissure  broke  across  the  strata. 
There  is  another  fact  which  tends  to  confirm  this.  There  are  nu- 
merous places  in  the  mine  where  masses  of  waste  (horses)  are 
encountered.  In  many  cases  this  waste  is  the  ordinary  white 
quartzite,  and  as  this  often  forms  the  hanging  wall  its  presence  in  the 
vein  is  easily  accounted  for.  But  almost  as  frequently  the  waste 
is  found  to  be  the  cherty  quartzite.  I  have  not  seen  any  place 
where  this  forms  the  wall  of  the  vein,  but  it  must  have  done  so  at 
a  higher  elevation  than  the  present  surface,  otherwise  it  would  be 
difRcult  to  explain  the  presence  of  this  material  with  the  ore.  The 
outcrop  of  a  bed  of  this  chert  is  found  not  much  higher  than  the 
vein,  and  the  same  rock  is  said  to  occur  below  in  the  section. 
Which  of  these  beds  the  fissure  formerly  followed  in  its  upper  por- 
tions is  not  definitely  shown,  but  it  probably  reached  the  higher 
stratum. 

The  width  of  the  vein  is  very  great,  probably  1 50  feet,  measured 
in  a  direction  perpendicular  to  the  walls.  In  the  upper  workings, 
oxidized  ores  are  found.  They  consist  largely  of  lead  carbonate, 
carrying  silver  up  to  about  16  ounces,  a  little  gold,  and  lead  up  to 
60  per  cent.  In  places,  the  value  may  run  higher  than  these 
figures,  but  the  average  is  considerably  lower.  Silicious  material 
is  generally  mingled  to  some  amount  with  the  carbonate.  The 
carbonate  is  found  in  chambers  separated  from  each  other  by 
waste  or  by  the  so-called  quartz  ore.  The  latter  is  probably  the 
residue  of  the  original  ore  where  this  consisted  largely  of  iron  py- 
rites with  a  quartz  gapgue.  The  iron  sulphide  was  oxidized  and 
partially  leached  out,  leaving  the  insoluble  silica.  That  such  was 
the  case  is  quite  evident.  The  quartz  is  very  porous,  the  holes 
being  often  of  the  shape  of  pyn'te  crystal.s.  It  is,  in  fact,  the  sili- 
cious skeleton  of  the  original  vein-filling.  It  may  be  so  broken 
up,  however,  that  the  former  structure  is  not  so  evident.  Small 
amounts  of  pyrite  are  found  in  many  places  in  the  quartz.  The 
quartz  ore  may  carry  as  much  gold  and  silver  as  the  carbonate, 
but  because  of  the  tack  of  lead  and  the  presence  of  such  an  excess 
of  silica,  it  has  not  been  extensively  mined. 

In  the  lower  tunnels  of  the  mine  no  more  oxidized  ores  an; 
found,  but  the  original  sulphides  are  still  preserved.  The  transi- 
tion from  one  to  the  other  is  quite  gradual  in  some  places,  but  in 
other  places  the  dividing-line  is  distinct.     For  instance,  in  one 
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portion  of  the  Roman  Empire  workings  there  is  a  body  of  base 
ore  consisting  of  iron  pyrites  and  galena,  and  carrying  some  zinc. 
It  is  mixed  with  carbonate,  and  between  this  and"  the  roof  of  waste 
there  is  a  narrow  streak  of  good  carbonate,  white  below  unaltered 
pyrite  is  found.  In  the  contract  tunnel  carbonate  ore  occurs,  but 
here  and  there  through  it  there  are  boulders  of  unaltered  pyrites 
surrounded  by  a  shell  of  iron  oxide.  These  boulders  were  espe- 
cially frequent  near  the  bottom  of  the  chamber  that  was  worked, 
and  would  seem  to  indicate  the  presence  of  a  body  of  unaltered 
pyrites  a  little  below.  In  another  part  of  the  Roman  Empire  tun- 
nel a  large  body  of  pyrites  has  been  found  that  passes  abruptly 
into  the  porous  quartz.  There  does  not  seem  to  be  any  interme- 
diate stage,  but  in  the  space  of  a  quarter  of  an  inch  we  find  quartz 
above  and  unaltered  pyrites  below.  Curiously  enough,  the  quartz 
ore  is  said  to  be  found  sometimes  both  above  and  below  the  pyrites. 
It  seems  that  some  portions  of  the  body  must  have  been  more 
easily  oxidized  than  others,  perhaps  due  to  a  larger  or  smaller 
proportion  of  pyrite  to  quartz. 

"The  Grecian  Bend  tunnel  is  the  only  one  in  which  only  sulphides 
are  found  {excepting  the  Proctor,  which  has  been  little  developed). 
The  workings  in  the  Grecian  Bend  are  of  large  extent,  and  we 
have  the  best  opportunity  for  studying  the  unoxidized  ore.  Con- 
siderable galena  has  been  found.  Two  or  three  chambers  of  this 
have  been  taken  out  but  most  of  the  ore  is  iron  pyrites,  and  this 
has  not  been  found  rich  enough  in  gold  or  silver  to  work  for  these 
alone.  The  galena  is  apt  to  carry  considerable  ZnS  and  is  usually 
accompanied  by  more  or  less  FeSj.  The  bodies  of  purer  pyrites 
probably  carry  a  little  copper  in  most  cases.  The  copper  may 
rise  to  8-10  per  cent,  or  more  and  the  pyrite  is  then  taken  out  as 
a  copper  ore.  The  presence  of  copper  is  indicated  by  a  blue 
stain  that  comes  out  on  the  walls  after  the  drifts  have  been  opened 
for  some  time.     The  pyrites  carry  arsenic  also. 

Sometimes  the  pyrites  are  rather  loose  and  granular  while  in 
other  cases  they  are  so  hard  and  compact  that  a  heavy  blow  with 
a  hammer  will  fail  to  break  a  piece.  The  latter  variety  is  usu- 
ally fine-grained  and  steely.  Most  of  the  gangue  of  both  the  py- 
rites and  the  galena  is  crystalline  quartz.  It  will  vary  in  quantity 
from  almost  nothing,  up  to  go  per  cent,  or  more.  No  large  body 
is  found,  however,  in  which  the  quartz  is  in  excess  of  the  sulphides. 
Usually  the  amount  of  quartz  is  less  than  20  per  cent.  This  quartz 
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is  hard  and  crystalline,  but  in  some  places  pyritc  is  found  mixed 
with  a  loose,  sandy  material  consisting  mostly  of  silica.  This  is 
probably  a  sediment  that  was  deposited  in  the  solutions  filling  the 
fissure,  at  the  same  time  as  the  pyrites,  and  composed  cf  ground- 
up  wall  rock.  Then,  too,  there  are  bodies  of  waste  which  are  of 
a  clayey  nature  and  often  have  a  banded  or  stratified  structure. 
Again,  the  waste  may  consist  largely  of  angular  fragments  of  rock. 
The  material  of  which  these  mechanical  deposits  are  composed 
must  have  resulted  from  the  opening  of  the  fissure  and  the  move- 
ment of  the  walls. 

When  the  fissure  opened  there  was  probably  a  great  splitting 
of  the  walls  on  both  sides  and  large  blocks  of  rock  fell  into  the 
opening.  These  would  not  rest  on  the  foot-wall  but  would  slide 
down  until  the  angle  of  inclination  became  less  or  until  they 
met  some  obstacle.  The  feet  seems  to  be  that  the  whole  opening 
became  filled  with  piled-up  masses  of  rock.  As  the  pieces  were 
of  such  great  size  and  as  they  were  of  a  rather  slab-like  shape, 
the  spaces  left  between  them  would  be  large.  About  two-thirds  of 
the  vein-filling  consists  of  these  masses  of  waste. 

In  the  interstices  between  the  masses  of  country-rock  the  ore 
was  deposited.  Necessarily  the  deposits  would  be  extremely  irreg- 
ular in  shape  and  size,  and  in  mining  there  would  be  nothing  to 
indicate  where  a  body  of  ore  might  be  expected.  A  drift  might 
be  run  for  100  feet  through  waste  and  pass  within  a  short  distance 
of  ore  without  anything  to  show  its  presence.  The  origin  of  the 
mineral- bearing  solutions,  whether  from  below  or  from  the  sides, 
is  uncertain.  That  the  whole  fissure  was  filled  by  the  waters  is 
shown  by  the  stratification  of  the  finer  sediments  as  mentioned 
above.  So  vast  a  crack  as  this  seems  to  have  been  could  not  but 
furnish  a  ly^ter-way  of  no  inconsiderable  moment.  It  would  ap- 
pear as  if  the  up-flow  used  the  vein  cavity  as  something  of  a  res- 
ervoir, whence  it  issued  as  a  series  of  springs  along  the  outcrop, 
and  that  in  these  slowly  circulating  waters  the  ores  were  deposited 
and  the  attrition  debris,  with,  perhaps,  some  residual  materials  left 
by  solution  and  removal  of  limestone,  was  given  the  stratified 
character  above  referred  to.  The  later  deposited  ore  would,  how- 
ever, be  free  from  this  mechanical  intermixture,  but  their  contents 
of  silica  supplied  the  quartz  gangue.  The  solutions  varied  from 
place  to  place  or  time  to  time,  because  we  find  pyrite  at  one  point 
and  a  little  further  on  the  same  level,  galena. 
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After  the  filling  of  the  vein  the  mineral  in  the  upper  portions 
became  oxidized.  Where  galena  was  the  principal  constituent 
lead  sulphate  and  carbonate  formed,  and  being  insoluble,  remained. 
Where  the  ore  consisted  of  pyrites  it  was  oxidized.  A  portion 
was  carried  away  as  sulphate,  and  another  portion  left  as  Fe,0,. 
The  quartz  gangue  was  left.  In  a  few  cases  native  sulphur  is 
found  which  has  doubtless  resulted  from  decomposition  in  the 
presence  of  organic  matter.  Since  the  filling  of  the  fissure  there 
have  been  movements  of  the  ground  as  is  shown  by  occasional 
slickensides  both  in  the  waste  and  in  the  ore. 

The  Old  Telegraph  mine  has  produced  a  large  amount  of  silver- 
lead  ore.  Now,  however,  little  work  is  being  done.  Most  of  the 
ore  that  is  taken  out  is  mined  by  leasers,  who  pay  to  the  company 
a  certain  percentage  of  the  value  of  the  ore.  There  is  no  reason 
to  doubt  that  bodies  of  galena  would  be  found  by  prospecting  at 
lower  depths. 
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Analytical  Chemistry,  by  E.  Waller,  Ph.D. 

Nilroso-^-Naphtkol  in  Quantitative  Analysis.  Von  Knorre  (Zts.  An- 
gcur.  Chem.,  1893,  264).  The  reagent  in  an  acetic  acid  solution  pre- 
cipitates Co,  Fe  and  Cu,  leaving  Ai,  Pb,  Cd,  Ca,  Mg,  Mn,  Zn  and  Ni 
in  solution.  Ni  is  only  completely  retained  in  solution  in  case  of  the 
presence  of  mineral  acid,  A  synopsis  of  the  references  to  descriptions 
of  separations  effected  by  this  reagent  may  be  thus  given  : 


E^H,«»™. 

1            ^-"           1 

Co  from  Fe  and  Al      .    . 

!Berichle,  1885,  372S. 

FeandCu  from  other  mel'ls 

iBerichie,  1887,  483. 
Chem.  Ind..  i887,No.  4. 

Fe  from  Mn 

" 

Stahlu.  Eisen,  1887, 170. 

Schleier  .... 

Chem.  Zig.,  189a,  No.  26. 
Ber.oesterr.Ges.  Chem.  Ind.  i886,t>9 

FefromAl 

Breutel    .... 

Fe  in  raw  materials   .   .   . 

Meinecke   .   .   . 

Zts.  angew  Chem.,  1888,  pp.  3,  68, 
j     219  and  25a. 

Fe  from  Mn.  and  others  , 

Kofahl    .... 

Inaug.  Diss.,  Berlin,  1890. 

Co  from  Ni 

Fischer    .... 

.Inaug.  Di-KS.,  Berlin.  188S.      Berg- 
hu,tenZ.g..  1888,  453. 



Kranss     .... 

Inaug.  Diss.,  Erlangen,  1S89.    Zls. 
Anal.  Chem.,  1890,  241. 

The  presence  of  an  excess  of  the  reagent  does  not  prevent  the  pre- 
cipitation of  Al  by  ammonia  (Meinecke,  Von  Knorre  and  Ilinski). 

The  iron  precipitate  carries  the  most,  if  not  all,  the  P,0,  present  with 
it  (Von  Knorre  and  Ilinski,  Meinecke,  Kofahl). 

A  method  for  analyzing  commercial  nickel  is  given.  It  consists  in 
dissolving  in  HNO„  converting  to  sulphates  by  evaporation  with  H^Oj, 
diluting,  filtering  off  SiO„  etc.,  precipitating  Cu  by  H,S,  oxidizing  Fe, 
and  then  separating  it  by  three  precipitations  with  ammonia,  and  to  the 
filtrate,  adding  Na,SOj  and  excess  of  ammonia,  and  electrolyzing  for 
Ni  and  Co.  The  use  of  Na,SO,  is  recommended  to  avoid  the  formation 
of  a  difficultly  soluble  nickel  ammonium  sulphate,  which  sometimes 
gives  trouble.  The  precipitated  Ni  and  Co  are  weighed  together,  dis- 
solved and  separated  by  use  of  nitroso-^-naphthol.  Krauss  thought 
that  the  ignited  precipitate  thus  obtained  contained  some  carbon  cotn- 
pouod  of  Co,  and  was  not  pure  Co,Oj,  unless  ignited  in  a  stream  of 
oxygen.    Von  Knorre  and  Kofahl  do  not  find  this  to  be  the  case. 
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Sodium  Peroxide  ai  a  Reagent.  Hempel  (Z/f,  /.  A>ior.  Chem.,  iii,, 
193)  recommends  this  substance  as  a  reagent.  At  the  fusion  tempera- 
ture it  oxidizes  Cr,  Mn  and  W  almost  immediately  to  the  form  of  acids, 
serves  as  a  rapid  means  of  decomposing  titaniferous  iron  ore,  and  mixed 
with  half  its  weight  of  soda  will  quickly  oxidize  mineral  sulphides. 

Phenolphlhalein  and  Methyl  Orange  as  Indicators.  Breed  (_/".  Anal, 
and  App.  Chem.,  vii.,  304,  February  meeting  of  Franklin  Institute). 
Small  amounts  of  CO,  remain  in  solutions,  rendering  results  with  phe- 
nolphthalein  as  indicator  incorrect,  unless  boiled  for  fully  ten  minutes. 
Methyl  orange  is  preferable.  In  the  discussion,  attack  of  the  glass  was 
suggested  by  Haines  as  having  an  influence.  The  sensitiveness  of 
phenolphlhalein  is  five  times  as  great  as  that  methyl  orange.  Phena- 
cetolin  was  found  good,  if  the  alcoholic  solution  was  not  filtered.  Good 
methyl  orange  was  difficult  to  obtain,  Pemberton  found  variations  in 
results  might  be  due  to  the  presence  of  Al,0,  in  the  standard  alkali. 
Reiser  found  methyl  orange  to  be  more  sensitive  than  phenolphlhalein. 

Separation  of  Stronfia/rom  Lime.  Fresenius  {Fres.  Zts.  Anal.  Chem., 
xxxii.,  189).     The  following  methods  were  examined: 

Stromeyer's  as  Modified  by  H.  Rose. — Dissolving  Ca  (NO,),  from  a 
mixture  of  the  rfnVi/ nitrates  by  a  mixture  of  absolute  alcohol  a.id  ether 
(equal  volumes). 

One  part  dry  Sr(NO,"),  was  found  to  be  soluble  in  83.044  parts  ether- 
alcohol.  One  part  dry  Ca(NO,),  was  found  to  be  soluble  in  1.87  parts 
ether-alcohol.  The  method  proved  the  best  of  those  tried.  Never- 
theless, small  amounts  of  Sr  remained  with  the  Ca(NO,)„  and  small 
amounts  of  Ca  with  the  Sr(NO,),. 

^ojif' J,— Treatment  of  the  sulphates  with  (NH.),SO.  solution  (1:4). 
The  respective  solubilities  of  the  sulphates  in  (NH,),SO,  of  this  strength 
were  ;  CaSO,  i  part  in  287  parts  — SrSO,  1  part  in  16.949  parts.  CaC^O, 
was  found  to  be  not  insoluble  in  (NH,),SO,,  The  separation  was  m- 
complete. 

Fleischer's. — Fiveminute  boiling  of  mixed  oxalates  with  K,SOj,  The 
theory  of  this  method  is  that  CaC,0,  is  unchanged,  whereas  SrC,0,  in- 
tercharges  and  affords  K-jCO^  and  SrSO,.  Experiments  showed  that  the 
CaCjO,  was  not  entirely  unaffected,  and,  moreover,  that  the  alteration 
of  the  Sr  combination  was  not  entirely  complete,  hence  inexact  results. 

5V</<rrjiy J.— Simultaneous  action  of  (NH,),S0.  and  (NH^LCA  i"  » 
neutral  solution.  The  supposition  was  that  SrSO,  and  CaC,0,  would 
precipitate  simultaneously,  and  could  afterward  be  separated  by  treat- 
ment with  HCI.  The  separation  was  found  to  be  unsatisfactory  for 
various  reasons:  proportions  of  salts  present,  solubility  of  SrSO  in 
HCI,  etc. 

Colorimetrie  Determination  of  Iron  in  Well  Waters.  Gerhard  (Arch, 
d.  Pharm.,  ccxxx,,  705)  recommends  tannic  acid  for  this  purpose. 

Titration  of  Iron  by  SnClj.  Mahon  (-4«.  Ciem.  Jour.,  xv.,  360). 
In  solution  of  Fe,Cl,  containmg  HgCI,,  strongly  acid  with  HCI,  when 
nearly  boiling,  SnCI,  reduces  the  iron  first;  any  excess  then  reduces 
the  HgCl,,  the   Hg,Cl,  at  first  forming  going  into  solution.    If,  how- 
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ever,  a  small  amount  of  PtCl,  is  present,  the  HgjCI,  will  react  with 
it  and  give  a  dark  cloud  of  Hg  and  Pt.  The  author,  therefore,  proposes 
as  indicator  a  solulion  containing  34  grammes  HgCI,  and  o.og  gramme 
Pt  as  chloride  per  litre,  15  c.c,  of  this  indicator  solution  should  be 
used  for  each  titration,  which  should  be  conducted  in  a  flask  at  or  near 
the  boiling  temperature,  that  the  strong  HCl  fumes  may  keep  at  a  dis- 
tance the  oxygen  of  the  air.  The  bulk  of  Solution  most  convenient  is 
about  200  c.c. I  in  which  0.3  c.c.  of  SnCl,  in  excess  will  give  a  decided 
cloud  with  the  indicator. 

froH  anil  Alumina  in  Phosphates.  Mariani  and  Tasselli  {Staz.  Sper. 
Ag.  Jtai..  xxiii.,  31),  criiicize  Glaser's  method  adversely,  and  propose 
the  following  method  :  Boil  i  to  5  grammes  of  the  material  with  15  c.c. 
cone.  HCl  for  ten  minutes,  dilute,  oxidize  with  a  few  crystals  of  KClOj 
and  a  few  drops  of  HNO„  boil  out  CI  and  filter,  bringing  the  filtrate 
and  washings  up  to  150  c.c.  To  the  solution  when  cold,  add  2  c.c, 
glacial  acetic  acid  and  o.g  gramme  (NH,),HPO„  add  ammonia  little  by 
little  until  a  permanent  precipitate  forms,  then  2  c.c.  acetic  acid.  Shake 
well  and  let  stand  two  hours.  Filter  and  wash  with  i  per  cent.  (NHJ, 
HPO,  solution.  Redissolve  in  a  little  HCl,  and  reprecipitate  in  the 
same  manner  as  before.  Ignite  and  weigh.  Take  half  the  weight  of 
the  precipitate  as  Fe,0,  and  A1,0,. 

Aluminum  in  Ferro  Aluminum  and  Steel.  Rozycki  {^Mott.  Sci.,  1891, 
p.  815),  ignites  0.2  to  2  grammes  of  the  pulverized  material  in  a  platinum 
boat  in  a  current  of  oxygen.  In  its  alloys  the  Al  is  readily  oxidized  by 
this  means.  The  mixed  oxides  are  then  heated  in  a  stream  of  HCl  gas 
which  volatilizes  the  Fe,  leaving  A1,0,.  By  treatment  with  HE  and 
igniting,  pure  Al,f),  remains. 

Chromium  in  Sleel.  Clark  (^.  5.  C  /,  xii.,  340).  Reference  is 
made  to : 

a.  Galbraith's  process  {Ckem.  Neitis,  xxxv.,  151.)  Dissolving  in 
HjSOj,  oxidizing  with  K,Mn,Og.  and  titrating  H,C,0,  with  ferrous 
salt. 

i.  Arnold  and  Hardie's  {Chem,  News,  Ivii.,  153.)  Precipitation 
as  phosphate.  This  method  is  regarded  as  superior  to  the  ammonia 
precipitation  which  tends  to  give  high  results  as  shown  by  Wilne 
{^Btriehte,  xii.,  2223),  and  Souchay  (Z/j.  Anal.  Ckem.,  v.,  66). 

e.  Hogg's  process  (y!  S.  C.  /.,  x.,  340.)  Dissolving  in  acid,  and 
making  colorimetric  comparison. 

The  methods  proposed  by  the  author  are : 

Phosphate  Process. — Dissolve  i  to  5  grammes  in  HCl  (gr.  1  :  1)  and 
add  ammonia  till  a  slight  permanent  precipitate  is  obtained.  Then  add 
about  I  gramme  Na,HPO,  in  solution,  and  about  twice  that  amount  of 
Na,?,0,  or  Na,SO,  and  boil  for  about  ten  minutes.  Filter,  wash,  dry, 
and  ignite  at  low  heat.  Crush,  mix  with  eight  times  its  weight  of  a 
mixture  of  3  parts  NaOH  and  2  parts  MgO.  Heat  for  half  an  hour  to 
complete  oxidation,  leach  out  with  water,  adding  a  little  H,0,  if  there 
is  any  appearance  of  manganate.  Finally  titrate  with  ferrous  ammo- 
nia m  sulphate. 

Sulphiie  Process. — Dissolve  2  to  5  grammes  in  HCl,  add  NajCO, 
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until  a.  permanent  precipitate  forms ;  redissolve  that  in  a  drop  or  two  or 
HCl.  add  Na,SO,  little  by  little,  and  boil  out  all  SO,.  The  precipitate 
of  basic  sulphite  is  filtered,  washed,  etc.,  and  treated  with  MgO  and 
NaOH  as  before  described. 

Chromium  and  Manganese  in  SUel.  Schneider  (ffij/cr.  Z/s.  Bergh  , 
1892,  235)7  dissolves  2  grarflmes  of  steel  in  100  c.c.  H,SO,  (1  :  10),  then 
boils  with  5  c.c.  HNO,  until  red  fumes  cease  ;  5  grammes  PbO,  are  then 
added,  and  the  boiling  continued  lor^fteen  minutes  when  the  solution  is 
filtered,  rendered  ammoniacal  and  boiled.  In  the  clear  solution  Cr  if 
present  shows  the  yellow  color  of  CrOj  which  is  increased  by  acidifying 
with  H,SO,.  Without  filtering,  the  Cr  may  be  determined  by  addition 
of  a  known  amount  of  FeSO,  (NHJ.SO^  solution,  and  titrating  the  ex- 
cess with  standard  permanganate.  Uy  treating  another  portion  of  the 
sample  in  the  same  manner,  omitting  the  treatment  with  ammonia,  the 
oxidizing  power  of  the  H,CrO,  and  H^MnjO,  is  determined  by  use  of 
the  ferrous  solution,  and  by  making  allowance  for  the  oxidizing  influ- 
ence due  to  H,CrO„  that  due  to  H,Mn,Oj  may  be  estimated,  and  con- 
sequently the  proportion  of  Mn.  in  this  latter  operation  the  filtration 
should  be  through  asbestos. 

Estimating  Manganese.  Jean  {Bull.  Soc.  Ckim.,  ix.,  248),  mentions 
Pattinson's  method  with  approval  {via.  Quarterly,  xii.,  336),  also  that 
of  Volhard  {vid.  Blair,  Anal,  of  Iron,  etc.,  ad.  ed.,  p.  112),  which  he 
attributes  to  Guyard,  and  describes  essentially  the  Ford-Williams  method 
as  if  it  were  new. 

Tests  for  Arsenic.  Clark  {^Proc.  Lond.  Chem.  Sec.,  No,  124,  p.  119), 
finds  that  "  none  of  the  methods  which  have  been  proposed  for  the  gen- 
eration of  AsH,  in  an  alkaline  solution,  delect  arsenic  acid."  Reinsch's 
test  as  ordinarily  conducted,  gives  uncertain  results  when  the  amount 
of  As  is  small,  and  is  not  suited  for  quantitative  estimations. 

The  author  proposes  to  dissolve  the  As  and  Sb  from  the  copper  foil 
by  cold  digestion  with  dilute  KOH  and  H,0,  solution,  evaporation  to 
small  bulk,  and  distillation  by  Fischer's  method  (FeCl,  and  HCl).  In  the 
discussion.  Dr.  Dyer  remarked  on  the  fact  that  some  forms  of  cast  zinc 
hold  back  appreciable  quantities  of  As  in  the  Marsh  apparatus;  a  phe- 
nomenon not  noticed  with  granulated  zinc.  The  presence  of  platinum 
black  in  the  generating  flask  also  tends  to  hold  back  some  As. 

WcyVs  Mtlhodfor  Cu,  Fe,  Sh,  and  Zn  Powder.  Jean  {Bull.  Soc.  Ckim. 
[3],  ix.,  256.)  The  author's  method  of  managing  this  process  is  de- 
scribed. It  depends  on  the  decolorizing  effect  of  SnCl,  on  solutions  of 
CuCI,  or  Fe.CI,.  The  operation  is  performed  in  a  flask,  the  contents  of 
which  are  strongly  acidified  with  HCl,  and  kept  boiling  during  the  ti- 
tration that  the  flask  may  be  filled  with  HCl  vapors.  The  standard 
KnCI,  solution  is  made  by  dissolving  4.5  to  5  grammes  each  in  500  c.c. 
of  water  containing  HCl,  which  is  standardized  by  a  solution  of  crys- 
tallize'1  CuSO,  containing  0.1  gramme  Cu  in  10  c.c,  strongly  acidified 
with  HCl  for  titration.  When  both  Cu  and  Fe  are  present,  the  two  are 
titrated  together,  then  Cu  is  precipitated  out  with  metalic  Zn,  and  after 
oxidizing  Fe  by  [wrmanganate,  the  Fe,CI,  is  is  titrated  alone  (Cu  staod- 
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ard«o.S8238  =  Fe,)  If  CuCI,  in  known  quantity  is  added  to  a  solu- 
tion of  SbClj,  titration  gives  Cu  and  Sb.  On  deducting  the  amount 
due  to  Cu,  the  remainder  is  due  to  Sb  (Cu  standard  x  0.96114  —  Sb.) 
Zinc  powder  (putty  powder)  mav  be  dissolved  in  a  measured  quantity  of 
CuCI,  solutioiJ.  On  filtering  off  Cu,  the  Cu  remaining  in  solution  may 
be  titrated  after  acidifying  with  HCl,  etc.  (Cu  standard  >:  1.0236  =  Zn). 

Analysis  of  fmpart  Galenas.  Jean  <^Bull.  See.  Ckem.,  ix.,  253).  lioil 
'5  to  30  grammes  of  the  pulverized  ore  for  an  hour  with  cone.  Na,S 
solution  to  which  flowers  of  sulphur  have  been  added,  replacing  the 
water  as  it  evaporates.  Filter  the  solution  which  should  contain  all  Sb 
and  As.  Acidify  with  HCl,  dissolve  the  precipitate  in  aqua  regia  or  in 
HCl  and  KCIO,,  evaporate  low ;  to  one-fourth  of  the  solution,  add  10 
c.c.  CuSO,  solution  (containing  0.7  gramme  Cu)  and  titrate  by  Weyl's 
method  with  SnCl,  (to  decolorization).  From  the  apparent  amount  of 
Cu  by  titration  deduct  Cu  added,  and  multiply  the  remainder  by 
0.66114  which  gives  weight  of  Sb.  In  another  fourth  of  the  solution 
add  tartaric  acid  and  ammonia,  and  determine  As  by  Mg  precipitation. 

Dry  the  portion  insoluble  in  Na,S,  pulverise  with  NH^NO,  and  pro- 
ject the  mixture  in  small  portions  at  a  time  into  a  crucible  heated  to 
scarcely  incipient  red  heat.  Repeat  this  operation  until  the  sulphides 
have  all  been  oxidized,  then  pulverize  and  digest  with  dilute  HCl,  Then 
dilute  largely  (500  c.c.)  and  allow  to  stand  some  time  for  PbCl,  and  AgCl 
to  separate.     Wash  by  decantation. 

To  the  acid  solution  add  a  little  Na,HPOj  NH,C1  and  an  excess  of 
ammonia  and  (NH,),CO„  to  precipitate  the  remaining  PbCI,,  Mn,  Mg 
and  Ca,  This  precipitate,  mixed  with  the  first  one,  is  dried,  and  fused 
with  Na,GO,,  a  little  borax  and  s  to  3  grammes  of  starch.  The  argen- 
tiferous lead  button  is  weighed,  and  then  cupelled.  In  the  ammoniacal 
filtrate  from  the  Pb,  etc.,  the  Zn  and  Cu  are  titrated  together  with  stand- 
ard Na,S  solution.  HCl  is  then  added  and  heat  applied  to  dissolve  the 
ZoS.  The  CuS  is  filtered  off,  the  solution  boiled,  then  rendered  ammo- 
niaral  and  titrated  again  with  standard  Na,S.  This  gives  Zn,  and  the 
difference  in  the  titration  gives  the  Cu. 

Mleclrolytic  Separation  of  Copper  and  Antimony.  Smith  and  Wallace 
(y.  Anal,  and  App.  Ckem.,  vii.,  189).  On  converting  the  antimony 
to  antimoniate,  adding  tartaric  acid,  and  then  rendering  ammoniacal, 
copper  only  was  precipitated  by  the  current, 

EUetrolytii  Separation  of  Mercury  from  Bismuth.  Smith  and  Moyer 
(y.  Anal,  and  App.  Chem.,  vii,,  1S5).  Perfect  separation  of  these 
metals  in  HNO,  solution  was  found  to  be  impossible. 

Determinatinn  of  Vanadium.  Hintz  and  Weber  {Fr€s.  Zts.  Anal. 
CA^/w.,  xxjtii.,  217),  gives  a  review  of  dilTerent  methods.  Reference  is 
made  to  the  following  papers: 

Roscoc  (Liebig's  Annalen,  siippl.  vii.,  70) ;  Manasse  (»A,  ccJtl.,  23)  ; 
Rosenheim  (iA,  ccli.,  197);  Kmsss  and  Ohnmais  (lA,  cclxilii.,  39); 
Ditte  (C.  Rend.,  civ.,  982);  L'Hote  (Jb.,  civ.,  990)  ;  Carnot  {.ib.,  civ., 
1803  and  1850);  Czudnowicz  {Pozg-  Ann.,  cxx.,  17);  Rammelsbcrg 
iBer.Berl.   Akad.  Wiss.,  1880);  Gibbs  ^Am.  Ckem.  Jour.,   v.,  370J; 
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Mohr  {Tilrirmelkode.  5th  ed.,  p.  314);  Friedheim  {Ber.,  xsiii.,  383)  : 
Kniss  ((A,  XX.,  1681). 

To  lietfct  small  amounts '\x\  minerals  L'Hote  recommends,  to  heat  j 
pans  of  the  pulverized  substance  intimately  mixed  with  one  part  of  C, 
10  250°  C.  in  a  current  of  dry  CI.  V  is  volatilized  as  oxychloiide  which 
when  conducted  into  water  becomes  V,Oj.  If  it  is  present  in  small 
amounts  tlie  watnr  remains  colorless,  but  on  evaporation  to  dryness  and 
testing  with  NH,HS,  the  characteristic  purple  coloration  appears,  with 
larger  quantities  the  water  is  colored,  and  the  V  may  be  determined  b)- 
evaporation  with  ammonia,  or  by  reducing  with  Zn  to  V,0,  and  titrat- 
ing with  standard  K,,Mn,0,. 

Titration  •milk  K.,Mn^O^ — Manaise  finds  this  titration  accurate  in 
presence  of  WO,  if  botii  tlie  K,Mn,Oj solution  and  the  solution  titrated 
are  dilute.  The  reduction  is  effected  by  SO,,  the  excess  of  which  is  ex- 
pelled by  a  current  of  CO,. 

Gili/is  also  reduces  with  SO,  but  in  presence  of  H^O,  and  H,PO,, 
The  reduction  was  found  to  be  slow  in  presence  of  WO,,  which  also 
masks  thecolors  obtained  unless  dilute  solutions  are  used.  Freidheim 
finds  this  titration  uncertain. 

Reduction  by  cone.  HCi. — Gibbi  finds  that  on  boiling  with  conr, 
HCl,  VjOj  forms  and  CI  is  evolved  which  may  be  titrated.  Rosenheim 
asserts  that  this  reduction  is  indefinite,  some  oxides  intermediate  be- 
tween VjO^and  V,0,  being  formed. 

Separation  by  NH,Cl. — Ditte  notes  that  the  solution  must  not  be 
acid.  After  adding  an  excess  of  NH,CI  and  stirring,  add  3  or  4  times 
the  volume  of  alcohol,  let  stand,  and  filter  and  wash  with  alcohol.  If 
sails  insoluble  in  alcohol  are  present,  treat  twice  or  more  with  saturated 
NH,CI  solution,  containing  undissolved  salt,  dissolve  the  residue  in  hot 
water,  saturate  with  NH,CI  and  proceed  as  before  directed.  Rosenheim 
finds  this  separation  unsatisfactory  in  presence  of  WOj. 

Precipitation  by  Atereurous  Nitrate. — Rosenheim  directs  in  case  WO, 
is  present,  to  add  moderately  dilute  H,',  (NOJ,  then  NH.OH  to  de- 
cided alkalinity  and  wash  with  dilute  Hg,{NOJ,  solution.  Precipitate 
the  filtrate  with  HCl  or  H,S.  The  second  precipitate  also  contains  WO, 
and  V,0,  and  should  be  combined  with  the  first,  and  the  two  dried  and 
ignited.  Add  NH,N0,  and  ignite  again,  before  wtighing  combined 
oxides.  The  filtrate  from  the  bst  precipitate  may  sometimes  contain 
some  V,0;,  which  may  be  determined  by  reducing  and  titratingwith 
standard  K,Mn,0^  ^fii,  '*>  determined  in  another  portion,  and  the 
WO,  calculated  by  difference. 

Freidheim  precipitates  with  a  concentrated  neutral  soltition  of 
Hg,(NO,),j  and  digests  with  excess  of  freshly  precipitated  HgO  to  neu- 
tralize the  free  acid.  After  cooling,  heat  with  excess  of  cone.  HCl  for 
five  minutes.  V  is  reduced,  HgCI,  formed,  and  WO,  dissolves,  On 
adding  a  large  amount  of  water  WO,  is  precipitated.  After  filtering, 
the  residue  on  the  filter  is  dissolved  in  hot  HCl  (Sp.  Gr.  1. 11),  allowed 
to  stand  twenty-four  hours,  when  WO,  separates,  which  is  filtered  off  and 
washed  with  dilute  HCl.  In  the  filtrate  the  V  is  oxidized  by  one  or 
two  evaporations  with  HNO„  finally  ignited  carefully  and  weighed  as 
VPj.  The  residue  may  contain  WO,  which  is  left  behind  by  treatment 
with  dilute  H,SOj  and  SO,.     On  evaporating  this  solution  with  HNO, 
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pure  V,0,  is  obtained.  Special  attention  lo  the  purity  of  the  reagents 
employed  is  indispensable. 

Manasse  find  that  alkaline  earth  vanadates  arc  not  completely  decom- 
posed by  fusion  with  alkaline  carbonates.  Fusion  with  KHSO  is  more 
efficient.  He  recommends  separation  of  V^O,  as  the  lead  salt.  The 
precipitation  should  be  effected  in  a  warm  solution,  and  the  mixture  well 
stirred,  when  it  soon  agglomerates.  It  should  be  at  once  filtered  and 
washed  wiih  cold  water  ;  if  allowed  to  stand  lone,  the  precipitate  crum- 
bles into  a  powder  which  will  run  through  the  filter.  The  precipitate 
is  dissolved  in  HNO„  evaporated  with  H,SOj  to  fumes  diluted,  the 
PbSO,  filtered  off,  and  the  V,0,  determined  by  K,M,0,  titration. 

Carnol  separates  as  the  barium  salt.  Neutralize,  heat  to  boiling,  add 
BaCl,  ;  let  settle;  cool  quickly;  filter;  wash  with  cold  water,  dry, 
i(!niie  and  weigh  jBaO,V,0,.  The  corresponding  salts  of  the  other 
alkaline  earths  do  not  precipitate  encept  in  concentrated  solutions,  con- 
taining excess  of  ammonia.  This  fact  suggests  a  method  for  separating 
Ba  from  Si.  The  precipitate  obtained  by  uranium  salts  in  ammoniacal 
solutions  or  those  weakly  acids  with  acetic  is  2U0„(NH,1,0,V,0,Hp 
when  dried,  or  2U0jV,0,  when  ignited.  It  can  be  used  to  separate 
V,Oj  from  alkaline  earths  Mn,  Zn,  Cu,  etc.,  but  not  from  P,0,, 
As,0,  MoO,  or  WO,. 

Mn  salts  will  serve  as  a  means  of  separating  V^O,  from  MoO,.  but 
not  from  the  other  acids  above  enumerated.  The  precipitation  should 
be  effected  in  a  boiling  solution  containing  NH^CI  and  a  slight  excess 
of  ammonia. 

Silkon  in  Iron  and  Steel.  Parry  and  Morgan  (Cn.  News,  txvii.,  149). 
A  thorough  mixing  of  the  sample  is  of  importance.  Dissolve  4 
grammes  in  50  c.c.  of  aqua  regia,  evaporate  to  dryness  and  heat  over  a 
Bunsen,  until  the  residue  is  black ;  cool — moisten  with  60  c.c.  HCI  and 
evaporate  until  crusts  [>egin  to  form,  dissolve  the  crusts  by  a  little  HCI, 
add  five  times  the  volume  of  water,  and  filter  through  a  paper  previously 
washed  with  HCI,  filter,  wash  four  times  with  10  per  cent,  HCI,  and  then 
with  water.  Ignite  off  the  filter  paper  carefully  at  the  lowest  tempera- 
ture possible  and  weigh  SiO,  and  graphite;  ignite  strongly  to.  burn  off 
the  graphite  and  weigh  SiO,,  If  much  P  is  present  the  SiO,  may  be 
colored  with  Fe.  Even  if  colorless,  TiO,  may  be  present.  Fuse  with 
5  to  6  times  its  weight  of  KHSO.,  treat  with  water,  and  filter  off  pure 
SiO,  or  determine  by  loss  (treatment  with  HF  and  H,SO,). 

Good  results  (?)  can  be  obtained  simply  by  dissolving  in  60  c.c,  di- 
luted H,SO,  (1:3).  Evaporating  to  SO,  fumes,  diluting,  filtering  and 
washing,  igniting  the  remaining  SiO,  and  graphite  as  before  described, 

Pkoiphorus  in  Titantferous  Ores.  Baskerville  (_/.  Anal.  App.  Chem., 
vii.,  194),  Dry  a  grammes  at  100°  for  two  hours,  and  then  mix  with 
about  JO  grammes  flux  (10  parts  Na,COj  1  part  KNO,)  and  fuse  in  a 
platinum  crucible.  Keep  at  full  fusion  for  five  minutes,  then  cool,  and 
leach  out  with  water.  Filter  the  solution  (hulk  about  300  cc)  add 
25  c.c,  Fe,Cl,  solution  (containing  about  o.i  gramme  Fe.).  Acidify 
with  HCI,  boil,  precipitate  with  ammonia,  dissolve  the  washed  precipi- 
tate in  40  cc.  HNO,  (Or,  1.43)  and  add  25  c.c.  strong  ammonia.  Heat 
or  cool  to  85°  C,  add  30  c.c,,  molybdate  solution,  shake  hard  for  one 
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minute,  let  stand  for  five  minutes  more,  filter  and  treat  as  per  Handy's 
process  {vid.  Quarterly,  xiii.,  388),  acidimetric  titration. 

Phosphorus  in  Iron  and  Steel.  Parry  and  Morgan  {Ck.  News,  Ixvii., 
161).  Dissolve  in  aqua  regia,  evaporate  to  dryness,  and  heat  over  a 
Bunsen  until  the  residue  is  black,  Redissolve  in  HCI.  evapotate  low, 
take  up  with  HCI  and  water,  filter  off  SiO„  etc.  Evaporate  repeatedlv 
with  HNO,  to  expel  HCI,  finally  add  enough  HNO,  to  make  the 
solution  (low  freely,  and  then  50  c.c.  of  molybtdate  solution  {(to  grammes 
(NH,),  MoOj  per  litre  to  which  is  added  50  c.c,  ammonia  and 
some  NHjNO,),  Partially  neutralize  with  ammonia,  let  stand  a  shon 
time,  filter  and  wash  with  diluted  HNO,.  Dry  on  a  weighed  tiller,  and 
calculate  P.  (1.66  pci'cent.  of  the  precipitate).  Low  results  were  always 
obtained  when  SiO,  was  not  scpwrated  previous  to  the  precipitation  of 
the  P. 

Phosphorus  in  Coal.  Crobaugh  (_/  Anal.  App.  Chem.,  vii.,  jaj); 
Burn  s  grammes  to  ash  in  a  platinum  crucible,  mix  with  5  grammes 
Na,CO,  and  0.5  gramme  KNO„  fuse  five  minutes;  cool,  dissolve  in 
ijo  c,c.  HNO,  (Gr,  1135)  by  the  aid  of  heat  filter  into  a  shaking 
flask,  and  therefrom  proceed  as  described  (modifications  of  Eraniertom'> 
method.  Handy,  Quarterly,  xiii.,  3S8,  Crobaugh,  xiv.,  165,  or  Penn- 
sylvania Railroad  method,  ib.,  xiv,,  358). 

Volumetric  for  Chlorides.  Young  {A  nafysi,  xviil.,  125),  has  investi- 
gated sources  of  error.  Dilution  was  found  to  be  one  source,  tempera- 
ture, another;  incidentally  the  solubility  of  Ag,CrO,  was  determined 
and  found  to  be  6  parts  in  100,000  at  155°  C  and  18  parts  in  100,000 
at  100°.  For  correct  results  the  solution  of  chloride  should  be  evapo- 
rated low  and  the  temperature  kept  down. 

Separation  and  Estimation  of  Halogens.  Friedheim  and  }J[eytT{Zts. 
Anorg.  Chem.,  i„  407).  Introduce  the  solution  into  a  retort  and  add 
KH,AsO,  and  dilute  H,SO,.  I  separates  and  may  be  distilled  by  the 
aid  of  steam  into  solution  of  KI,  in  which  It  is  titrated  bj^standard  Na, 
S,0,.  The  contents  of  the  retort  are  cooled  and  cone,  solution  of  K, 
Cr,()-  added.  Then  on  heating,  Br  is  evolved,  which  is  caught  in  a  Kl 
solution,  and  titration  is  again  made  with  standard  Na,S,0,.  The  con- 
tents of  the  retort  are  acidified  with  HNO,  and  the  CI  present  deter- 
mined gravimetrically  by  AgNO,.  Gooch  and  Browning  {Am.  four. 
Sci.,  xlv.,  April,  1893),  criticise  this  method  as  less  rapid  and  cou»^ni- 
ent  than  their  own  {vid.  Am.  four.  Sci.,  xxxix.,  188). 

Iron  by  an  lodomeiric  Method.  Nihoul  (^Rev.  Univ.  des  Mines,  etc., 
xxi.,  No.  1),  has  devised  a  method  for  the  determination  of  iron  based 
on  the  reaction  of  Fe.CI,  with  KI  or  HI.  The  solution  of  ferric  iron 
dissolved  in  HCI  (which,  if  it  contains  ferrous  iron,  must  be  oxidized 
by  KCIO,  and  the  CI  expelled  by  heatl  is  treated  with  KI  or  HI  in  a 
flask  filled  with  CO,  (a  current  of  which  gas  is  maintained  throughout 
the  distillation)  in  a  flask  connected  with  a  Volhard  fljsk  containing  Kl- 
The  reaction  occurring  is  Fe.CI,  +  iKI  —  Fe.CI,  +  aKCI  +  l,or  1  pa" 
I  =  0.4416  Fe.     The  1  is  driven  over  into  the  KI,  the  solution  cooled 
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in  a  current  of  CO,  and  then  titrated  with  standard  Na,S,0,.  The  KI 
in  the  iron  solution  obstinately  retains  some  I.  This  difficulty  can  be 
remedied  by  passing  in  a  current  of  HCl  gas.  or  by  using  HI  instead  of 
KI.  A  non-oxidizing  atmosphere  in  the  flask  (CO,)  during  distillation 
and  cooling  is  absolutely  essential. 

Analysis  of  Commerdai Nitrates.  Devada  (^Chem.  Ztg.,  xvi.,  1953), 
uses  an  alloy  containing  45  per  cent.  Al,  50  per  cent,  Cu  and  5  per  cent. 
Zn,  which,  on  solution  in  caustic  alkali,  in  presence  of  a  nitrate,  aflbrds 
NH,.  The  Cu  remains  in  a  spongy  form,  which  prevents  bumping. 
The  charge  for  the  distil  ling-flask  is  50  tx.  of  water  containing  0.5 
gramme  of  the  nitrate  examined,  aoo  c,c.  H,0,  40  c.c.  KOH  solution 
(sp.  gr.  1.3)  5  c.c.  alcohol,  and  2.5  grammes  of  pulverized  alloy,  A 
bulb  filled  with  glass  beads  is  mounted  above  the  flask  10  prevent  the 
mechanical  carrying  over  of  the  alkaline  solution,  which  is  so  liable  to 
occur  when  H  is  evolved  by  alkali.  Above  the  bead  bulb  is  an  empty 
bulb,  and  the  neck  above  is  connected  with  a  condenser,  the  end  of 
which  dips  below  the  surface  of  a  solution  of  standard  acid  (10  c.c.  half 
normal  H,SO,),  After  charging,  the  mixture  is  heated  gently  for  zo  or 
30  minutes,  and  then  distilled,  when  the  distillate  may  be  titrated  back. 
in  the  usual  manner. 

Stoklasa  {Zts.  Angew.  Ckem.,  193,  1861),  reports  on  the  examinatioir 
of  several  different  methods.  He  condemns  utterly  the  "  refraction  '*' 
method  and  commends  particularly  Lunge's  nitrometer  method  and  that 
of  Devada.  He  mentions  in  a  foot-note  the  "silver"  method  of  Wolf-* 
bauer,  in  which  the  nitrate  is  repeatedly  evaporated  with  excess  of  HCl 
to  convert  all  nitrate  to  chloride,  which  is  finally  dried,  then  dissolved 
and  titrated  with  standard  AgNO,.  On  deducting  the  amount  of  AgNOj^ 
solution  required  in  another  portion  of  the  original  sample,  a  basis  for 
calculation  of  the  nitrate  is  obtained. 

Determination  of  Nitrite.  Deventer  {Iieri(hle,  xxvi.,  589,  932,  958),. 
suggests  the  application  of  Schafll'er's  reaction  (described  in  v^wi.  d"  Chem., 
1851),  with  ferro-cyanide  and  acetic  acid:  sK.FeCy, -J-  aHNO, -h 
2HC,H,0,  —  K,Fe,Cy„  -(-  iKC,H,0,  +  2NO  +  2H,0. 

On  measuring  the  NO,  a  basis. for  estimating  the  nitrite  is  obtained, 
giving  results  more  satisfectory  than  by  permanganate  titration.  The 
coloration  due  to  formation  of  K,Fe,Cy|,  may  be  used  as  a  qualitative 
test,  and  titration  by  K,Mn,0j  affords  a  quantitative  method  fordelermin- 
ing  HNO,  or  dissolved  oxygen  by  means  of  this  reaction. 

Deterioration  of  Crucibles.  Dittmar  and  Prentice  (/.  S.  C.  I.,  xii., 
248),  find  that  on  fusing  KOH  or  NaOH  in  silver  or  gold  crucibles  de- 
hydration is  practically  complete  in  10  minutes.  The  action  of  fusing 
KOH  on  gold  is  \cry  slight  in  an  atmosphere  of  H,  and  though  much. 
greater  relatively  in  air  is  absolutely  very  trifling.  Fusing  NaOH  had 
practically  no  action  either  in  H  or  air.  The  action  on  Ag  is  percep- 
tible, being  naturally  much  greater  in  air.  KOH  is  much  more  active 
in  attacking  Ag  than  NaOH. 

Acids  and  Bases  in  Mineral  and  other  Waters.  Bothamley  {/.  Lond. 
Chem.  Soe.,  Ixiii.,  696),  finds  that  in  solutions  containing  CaO,  MgO, 
COj  and  SO,  the  combinations  taking  place  are  invariably  MgSO,  and 
CaCO^ 
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Metallurgy,  by 'Joseph  Struthers. 

Fuels, — The  American  Coke  Drawer.  An  illustrated  description 
giving  plan,  elevation  and  sections. — Amer.  Maitu/.,  May  u,  1893. 

Fuel. — The  manufacture  of  Coke. — One  of  a  series  of  articles  by  John 
Fulton,  E.M.  Discusses  coking  in  heap^  and  mounds  and  the  Beehive 
Coke-Oven  ;  giving  illu^itrations  of  mounds  and  ovens.  Includes  analyses 
of  coal  and  coke,  and  records  of  experimental  tests  as  to  time  and  its 
effect  on  the  quality  of  the  coke  produced. —  Colliery  Engineer,  April, 
1893.  illustrated  description  of  the  Welch  and  Thomas  ovens,  show- 
ing various  sections,  etc, — Colliery  Engineer,  May,  1893. 

Blast. — Hot  Blast  Stoves.  Continuation  ofdiscussion  of  Mr,  Coffin's 
article  on  ihe  Hugh  Kennedy  Hot-Blast  Stove.  Communication  of  Asa 
A.  Weimer, — Advance  sheets  of  the  Montreal  meeting  of  the  American 
Institute  of  Mining  Engineers,  February,  1893. 

BLA-ST-HF.ATrNG. — The  application  of  Cowper  stoves  to  chemical  in- 
dustries. By  E.  A.  Cowper.— Description  of  stoves  include  illustrations 
of  sections  and  valve  for  hot-blast,  also  the  special  shape  brick  used 
which  is  a  hollow  hexagonal  with  flanges  at  each  corner,— yuur«.  Soc. 
Chem.  Ind.,  April  39,  1893. 

Irom-Ores. — Production  of  Iron-Ore  in  the  United  States. — By  John 
Birkinbine.  Classifies  the  ores  into  red  hematite,  brown  hematite, 
magnetite,  and  carbonate,  and  gives  production  by  States.  Total  for 
1892  shows: 

Red  h email le, 11,646,619 

Brown  hein»tite, st,485,toi 

Magneliie, \,f]\,'^l 

CarbonMe, 191,981 

16,296,666 

—Amer,  Manuf.,  May  a6,  1892,  from  Census  Reports. 

Iron-Ores.  Estimations  of  Arsenic  and  Phosphonis  in  Iron-Ores. — 
By  Messrs.  John  and  H.  S,  Pattinson.  Description  and  discussion  of 
method  as  applied  to  ores,  iron,  sleel,  etc.,  giving  table  of  results.  Paper 
read  before  the  Newcastle  Section  of  the  Society  of  Chemical  Industry. 

Blastfurnace  Practice.  Utilization  of  Blast -Furnace  Slag, — By 
Herr  R,  Zsigmondy.  Short  description  of  manufacture  of  bricks  by 
moulding  and  by  casting.  Metallic  plaster  and  slag  cement. — From 
Journ.  Soc.  Client.  Industries,  March  31,  1893;  Iron,  April  21,  1893. 

Cast-Iron. — The  manufacture  of  Charcoal  iron  from  the  Bog  and  Lake 
ores  of  Three  Rivers  District,  Province  of  Quebec,  Canada. — By  P,  H. 
(irifiin,  M.E.  Description  of  ore-deposits  and  the  works;  giving  the 
analyses  of  ores  and  product-;, — .Advance  sheets  of  the  Montreal  meeting 
of  the  American  Institute  of  Mining  Engineers,  February,  1893. 
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Wrought-Iron. — Treatmeni,— Illustrated  description  of  the  Leech- 
burg  improved  squeezer  for  treating  the  puddle  ball  so  that  the  rolls  can 
easily  take  it.  The  illustrations  area  front  elevation  and  a  vertical  sec- 
tion.— 'j4mer.  Manuf.,  April  14,  1893. 

Steel. — Production  of  Open-Hearlh  and  Bessemer  Steel  in  the  United 
States  and  Great  Britain  for  1891 : 

United  Sula.  Crantoni. 

Optn.heanh  steel 669,889 

Bessemer  steel, 4,168,435 

Eighty  open-hearth  plants  in  operation  at  end  of  1892. 

Open. hearth  steel 1,418,830 

Bessemer  steel, 1,500,810 

— Amer.  Manuf.,  April  28,  1893. 

Steel. — The  Thomas  Process  in  Belgium. — By  M.  Palgen  and  M. 
Tordeur,  A  translation  from  Memoirs  de  t  Utien  dcs  Iitgeneures  de 
Louraittt,  1892,  and  Revue  Universelk  des  Mines,  October,  1892. 
Description  of  process  and  analysis  given  of  iron,  refractory  materials 
and  slags.  The  plan  at  Saint  Martin  is  shown  by  illustration.— -4/Mf/-. 
Manuf.,  May  26,  1893. 

Steel. — Charging  Machine  for  Blooming  Mill. — Illustrated  and 
detailed  description  of  machine  in  use  at  the  Pacific  Rolling  Mill  Com- 
pany of  San  Francisco.  Eight  figures  of  drawing  accompany  this  article. 
— Iron  Age,  April  2;,  1893. 

Steel. — Mild  Open-Hearth  Steel  for  Castings. — By  Messrs.  A.  B. 
Winder  and  J.  Dixon  Brunlon,  from  a  paper  read  before  the  Sheffield 
Technical  School  Metallurgical  Society.  Results  of  experiments  made 
on  a  16-cwt.  charge  in  small  furnaces,  giving  change  of  couiposition,  of 
materials,  and  includes  physical  tests  on  product. — London  Iron,  April 
ai,  1893. 

Steel.  Segregation  in  Steel. — By  Walter  E,  Koch,  From  paper  read 
before  the  Engineers'  Society  of  Western  Pennsylvanii,  Analyses  quoted 
and  dimensions  given. — Iron  Age,  April  27, 1893, 

ROASTiKC  Furnace.  A  New  Form  of  Furnaf-e  for  Roasting  and 
Owdizing  Ores. — By  W.  P.  Blake.  Illustrated  description  of  furnace  ; 
its  main  features  being  a  series  of  concentric  terraced  floors,  one  above 
another,  and  the  use  of  superheated  ai  r  upon  the  charge  without  contact 
with  fuel. — Advance  sheets  of- the  Montreal  Meeting  of  the  American 
Institute  of  Mining  Engineers,  February,  1893, 

Copper,  The  Bessemerizing  of  Copper-matte  and  the  Production  of 
Pig-copper. — By  Charles  Wade  Siickrey.  Illustrated  descriptive  article 
on  the  present  American  practice.  From  "  Mineral  Industry  for  1892," 
—Eng.  and  Min.  Jour H.,  April  25  and  May  6,  1893. 

Silver.  Amalgamation. — Some  points  in  silver  milling  by  amalga- 
mation.    Letters  published  by  C.  H.  Aaron,  on  the  effect  of  chemicals 
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in  the  amalgamation  process,  and  general  discussion  as  to  applicability, 
— Min.  and Scient.  Press,  February  ag,  1893. 

Silver.  Lixivialion. — Use  of  Producer-gas  for  drying  and  roasting 
ore  at  the  Lixivialion  Mill  of  the  Holden  Smelting  and  Milling  Com- 
pany, Aspen,  Coi,  By  Wiliard  S.  Morse.  Description  of  drying,  crush- 
ing, cbloridizing,  roasting,  and  lixiviating  by  hyposulphite  and  Russell's 
solution — gas-fuel  used  for  drying  and  roasting,  Taylor  producer  on 
coal  of  following  composition:  water,  1.7  to  z,8;  volatile  matter,  36.3 
t037.95;  fixed  carbon,  37.1  to  4S.6;  ash,  13.8  to  11. 6 ;  gas  yielded  by 
analysis,  CO,  20  per  cent.,  CO,,  2.8  per  cent. ;  composition  of  ore,  Ag., 
01.  per  ton,  27.91  ;  Pb,  2.27  ;  SiO„  21.64;  BaSO,,  20.92  ;  CaO,  10.99; 
MgO,  4,24;  Fe,  10.02;  Zn,  2,85;  S,  8.1.  Ore,  after  roasting,  averaged 
.2  per  cent,  of  S  as  sulphide. — Advance  sheets  of  Montreal  Meeling 
of  the  American  Institute  of  Mining  Engineers,  February,  1893 ;  also, 
Eng.and  Min.Journ.,  February  20, 1893. 

Silver.  Lixivialion. — A  Review  of  the  Russell  Process.  By  L.  D. 
Goodshall.  A  paper  read  before  the  Colorado  Scientific  Society,  May 
1.  1893, 

Silver.  Lixiviation. — The  Dewey  Process  for  Refining  Sulphide  Pre- 
cipitates. Description  of  the  process  now  in  use  at  the  Marsac  Mill, 
Park  City,  Utah. — Eng.  and Min.  Joarn.,  April  ij,  1893. 

Gold.  Variation  in  the  Milling  of  Gold  Ores.  V.  Ballarat,  Victoria. 
By  T.  A.  Rickard.  Illustrated  and  descriptive  article,  giving  details 
of  mills  and  processes. — Eng.  and  Min.Journ.,  April  19,  and  May  6, 
1893- 

Gold.  Lixiviation. — The  Dissolution  of  Gold  in  a  Solution  of  Po- 
tassium Cyanide.  By  R.  C.  Maclaurin. — Proceedings  Ckem.  Soc,  May, 
1893. 

Gold,  Lixiviation.  Description  of  ihe  Bettel  process  for  extraction 
of  gold  from  the  slimes ;  the  principal  factor  is  the  use  of  a  double  cy- 
anide of  manganese  and  pnta.'isium  (K,Mn,Cy„>,  and  the  use  of  a  filter- 
press.  The  materi.il  must  be  in  an  "extremely  fine  state  of  division  10 
make  this  process, a  success. — Eng.  and  Min.Journ.,  April  15,  1893. 

Aluminium.  Technical  Importance  of  Aluminium  and  its  Future 
Applications. — By  Herr  J.  Klandy,  Taken  from  Journal  of  the  Society 
of  Chemical  Industries,  March  31,  1893.  Gives  the  effect  of  small  anil 
large  quantities  of  aluminium  on  copper  and  steel,  and  a  general  discus- 
sion of  the  industry. — London  Iron,  April  28,  1893. 

Manganese.  The  Greene-Wahl  Process  for  Manufacturing  Manga- 
nese and  Alloys  of  Manganese  Free  from  Carbon. — By  F.  Lynwood 
Garrison.  Includes  descriptions  of  the  various  processes  which  have 
been  used.  The  Greene-Wahl  process  itself  consisting  in  fusing  a  mix- 
ture of  metallic  aluminium  with  chemically  purified  oxide  of  manganese 
in  a  clay  crucible  lined  with  magnesite.  Analysis  of  resultant  metal 
showed  manganese,  96.5;  iron,  2;  silicon,  1,5;  aluminium,  trace.— 
Advance  sheets  of  Montreal  Meeting  of  the  American  Institute  of 
Mining  Engineers,  February,  1893, 
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Alloys.  Lecture  by  Prof.  W.  Chandler  Roberts  Austen,  C.B.— De- 
scription of  various  alloys  used  for  art  metal-work,  including  the  history 
of  the  subject.  Gives  methods  of  casting  and  analyses  of  two  impor- 
tant Japanese  alloys. — Engineering,  March  24,  1893,  and  March  31, 
1893. 

Alloys.  Second  Report  to  the  Alloys  Research  Committee. — By 
Prof.  W,  C,  Roberts-Austen.  Paper  read  before  the  Institution  of  Me- 
chanical Engineers.  The  sections  deal  with  the  history  of  the  subject 
and  experiments  on  porosity  and  the  influence  of  impurities  on  copper, 
bismuth,  lead,  and  tin. — Engineering,  April  28,  1893;  also  Londort 
Iron,  April  21,  28,  and  May  5,  1893. 

Metals.  Segregation  in  Metals. — By  Mr.  I,  W,  Hogg.  Descriptive 
article  on  the  varjing  composition  of  steel  ingots,  shown  by  analyses  of 
different  portions  of  ingot  of  steel,  with  discussion  on  s&rae.^Eng.  and 
Min.Jourti.,  April  29,  1893, 


■Recent  Papers  on  the  Geology  of  Iron  Ores. 

A  number  of  papers  have  recently  appeared  which  bear  on  the 
geology  of  iron-ores,  and  deserve  connected  mention.  Over  a  year  ago 
Prof.  J.  P.  Kimball  began,  in  l\<e  American  Journal  0/  Science  (Septem- 
ber, 1891,  p.  231),  a  contribution  on  the  "Genesis  of  Iron-Ores  by 
isotnorphous  and  Pseudomorphous  Replacement  of  Limestones,"  which 
was  concluded  in  (he  American  Geologist  for  December  of  the  same 
year.  Dr.  Kimball  presents  strong  arguments  for  the  origin  of  many, 
ore-bodies,  especially  the  stratified,  by  the  replacement  of  calcium  car- 
bonate with  anhydrous,  ferrous  carbonate  directly.  He  emphasizes  the 
important,  chemical  reaction  by  which  hydrous,  ferrous  carbon.ite,  in- 
stead of  anhydrous,  falls  whenever  ferrous  salts  are  precipitated  by  an 
alkaline  carbonate,  and  from  this  argues  that  the  bedded  and  lenticular' 
masses  of  siderite  have  originated  by  molecular  interchange.  In  the 
second  part  the  conclusions  are  applied  to  many  important  ore-bodies, 
including  the  iron-ores  in  the  Subcarboniferous  limestone  of  eastern 
Kentucky;  the  Juragua  ores  of  Cuba;  ores  at  Leadville  and  Hot 
Springs,  Colo, ;  the  Clinton  ores;  the  Carboniferous  limestone  ores; 
the  Siluro-Cambrian  limonites ;  Cornwall,  Penn.,  magnetite ;  Lake  Supe- 
rior and  Missouri  specular  ores,  and  many  foreign  examples.  Many  of 
the  above  applications  are  justifiable  and  right,  but  the  Clinton  ore  has 
been  since  shown  by  C.  H,  Smyth,  Jr.,  to  whose  paper  we  pass  shortly, 
to  be  in  many  of  its  outcrops  of  quite  different  origin.  He  who  would 
explain  the  now  exhausted  specular  ore  of  Pilot  Knob,  Mo.,  as  a  re- 
placed limestone,  would  also  have  a  practically  undemonstrable  thesis. 
Nevertheless,  where  it  can  be  applied  the  replacement  of  limestone  fur- 
nishes us  with  a  cause  of  whose  chemical  bearings  we  have  some  reason- 
able comprehension. 

A  somewhat  dilirercnt  conception  of  origin  is  afforded  by  the  paper 
of  Professor  Van  Hise  on  the  "  Iron -Ores  of  the  Marquette  District  of 
Michigan."  {Amer.  Jour.  Sci.,  Feb.,  1892,  p.  116).  The  author  con- 
tinues the  researches  begun  by  Prof.  R.  D.  Irving  and  himself  years  be- 
fore in  ihe  Penokie -Gogebic  district.     He  shows  that  the  ores  in  the 
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Marquette  region  are  in  two  formations,  the  Lower  and  the  Upper 
Marquette.  In  the  I^wer  Marquette  four  varieties  of  ore  boiiy  are  rec- 
ognized :  (i)  deposits  on  the  contact  of  quartiite  conglomerate  and  the 
ore-bearing  formation;  (2)  deposits  resting  upon  soap  rock,  which 
grades  into  massive  dtoriie;  (3)  deposits  resting  upon  dikes  of  soap 
rock,  which  follow  along  or  cut  across  the  ore-bearing  formation  ;  (4) 
deposits  interbedded  in  the  jasper  or  chert.  The  iron  is  thought  to  have 
been  derived  from  Jean,  cherty,  carbonate  beds  and  to  have  been  pre- 
cipitated, especially  where  the  solutions  came  to  rest  above  some  im- 
pervious layer,  such  as  a  soapstone  (altered  diabase)  dike,  this  being  the 
commonest.  In  the  Upper  Marquette  various  other  iin[>ervious  rocks 
have  furnished  the  footwall.  In  some  instances  it  is  n  black  slate,  id 
others  an  intrusive  basic  eruptive,  and  in  still  others  a  surface  volcanic. 
The  ores  occupy  troughs  on  these  or  on  the  sides  of  synclinals,  and  ex- 
hibit all  stages  of  change  from  unaltered  carbonate  through  limonite  to 
hematite.  The  author  applies  the  same  general  Explanation  to  the  other 
hematite  districts,  but  adds  that  he  himself  has  given  them  as  yet  less 
personal  attention. 

H,  V.  Winchell,  of  the  Minnesota  Survey,  has  recently  classified  in  a 
tabular  statement  all  the  possible  theories  for  the  formation  bf  iron  ores 
(Amffieaa  Geologist,  November,  1891,  p,  177).  The  scheme  is  a  group- 
ing of  the  various  forms  of  origin  set  forth  in  Bulletin  VI.  of  the 
Minnesota  Geological  Survey,  1891,  p.  113,  wherein  a  very  complete 
review  is  given  of  theoretical  view.s.  Some  eighteen  different  ones  are 
cited,  of  which  fourteen  had  been  previously  summed  up  by  A.  A, 
Julicn  i,Pro€.  Phila,  Acad.  Nat.  Sci.,  i88i,  p.  335).  The  main  divisions 
of  the  table  are  mechanical  and  chemical.  Under  the  first  arc  the  sub- 
heads: I.  Extra-terrestrial  or  cosmical ;  a.  Terrestrial.  Under  the 
second:  i.  Changes  in  situ;  1.  Removal  by  chemical  action  and  sub- 
sequent deposition.  Mr.  Winchell  seeks  to  classify  a  variety  of  ideas, 
which,  in  many  cases  have  few  natural  affinities  It  muiit  be  admitted 
that  all  the  views  cited  have  been  at  one  time  or  another  advanced,  and 
as  an  historical  summation  the  table  has  its  value  ;  but  when  speaking  of 
"ores"  one  should  not  mean  all  iron  minerals.  Ores  are  only  those  in 
amounts  to  be  of  practical  value.  Meteoric  irons  are,  for  example,  rare 
curiosities.  Subterranean  dikes  or  other  igneous  'eruptions  can  hardly 
be  considered  of  mechanical  origin,  though  placed  under  2  of  this 
heading.  The  two  subdivisions  under  Chemical  would  appear  to  mean 
preity  nearly  the  same  thing.  The  table  gives  at  a  glance  practically  all 
that  has  been  advanced  explanatory  of  iron-ores,  but  many  of  the  ideas 
are  more  ingenious  than  sound. 

C,  H,  Smyth,  Jr.,  brought  out  in  the  American  Ji>urnal  for  July, 
1892,  p.  487,  an  abstract  of  his  thesis  on  the  Clinton  iron-ore,  which 
was  presented  for  the  Ph.D.  degree  to  the  faculty  of  the  School  of  Mines 
in  1890.  Much  had  been  previously  written  about  the  Clinton  ores, 
and  the  impression  was  widespread  that  they  had  generally  resulted  from 
the  surface  weathering  of  a  highly  ferruginous  limestone,  that  became, 
at  no  great  depth,  too  low  grade  to  be  of  value.  These  views  are  unde- 
niably correct  for  Alabama  and  other  southern  districts.  Others  had 
regarded  the  northern  deposits  as  replacements  of  limestone,  and  one 
writer.  Dr.  Newberry,  had  likened  them  to  the  oolitic  limonites  of  the 
Swedish  lakes.     Dr.  Smyth  brings  out  the  fact,  not  generally  appreciated. 
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that  the  ore  at  Clinion,  N.  Y.,  isasiliceous  ore,  and  that  it  is  Solitic 
and  formed  by  small  concentric  layers  of  ferric  oxide,  interlaminated 
with  thin  shells  of  chalcedonic  silica,  and  all  deposited  aroimd  a  small 
grain  of  quartz  as  a  nucleus.  He  then  infers  with  justificalion  that  it  is 
a  shore  deposit,  and  probably  formed  as  hydrated  peroxide,  and  became 
dehydrated  to  hematite  in  time. 

H.  V.  Winchell  has  given  us  a  very  valuable  and  timely  account  of 
the  enormous  bodies  of  iron-ore,  lately  opened  in  the  Mesabi  Range, 
Minn.  (The  Mesabi  Iron  Range,  Twe'ilieth  Ann.  Rep.  Geol.  Sur., 
Minn.,  in— 180,  and  republished  in  part  Jn  the  Trans.  Amer.  Inst.  Min. 
Eng.,  Autumn,  1892.)  The  ores  are  soft  and  bird  hematites  and 
limonites  which  rest  on  the  underlying,  Pewabic  quarlzite  of  the  Ani- 
mikie  group,  and  are  associated  wi:h  a  cherty,  jaspery  quartzite,  called 
by  Winchell,  laconyte.  Over  the  ore  in  the  geological  section  are 
greenish,  siliceous  slares,  and  cherts,  but  resting  immediately  on  its  ac- 
cessible portions,  is  a  heavy  mantle  o(  glacial  drift,  up  to  75  feet  thick, 
which  has  hindered  the  discoveries.  Above  the  slates  and  cherts,  comes 
the  Animikie  black  slates  and  still  later  than  these  are  the  great  masses 
of  gabbro.  Under  the  Pewabic  quarlzite  are  the  unconformable  green 
Keewatin  schists  and  still  lower  the  granite  of  the  Giant's  range. 

Mr,  Winchell  pronounces  the  deposits  true  beds,  and  refers  them  to 
a  form  of  origin  by  replacement  of  some  pre-existing  rock,  presumably 
a  very  siliceous  and  ferruginous  limestone,  but  he  is  free  to  admit  that 
unchanged  masses  of  it  are  yet  to  be  found.  To  account  for  the  pres- 
ence and  dis;over  the  source  of  these  enormous  amounts  of  iron-ore  and 
silica  are  by  no  means  simple  problems,  but  the  explanation  suggested 
is  at  once  an  attractive  and  a  reasonable  one.  The  ores  are  largely 
bessemer,  and  are  so  soft  that  they  can,  in  large  part,  be  dug  by  steam 
shovels  in  open  cuts.  From  all  accounts  they  would  seem  to  be,  per- 
haps, the  largest  of  the  Lake  Superior  deposits. 

Some  very  interesting  papers  have  of  late  been  written  by  Prof.  J.  H. 
L.  Vogt,  regarding  the  origir  of  bodies  of  titaniferous  magnetites  that 
are  associated  with  rocks  of  the  gabbro  family,  as  excessively  basic  de- 
velopmenis  of  igneous  magmas.  The  greater  number  of  his  contribu- 
tions are  in  Norwegian  and  Swedish,  but  a  risumk  in  German  is  given  in 
Vol.  I.,  No.  I,  p.  4,  of  the  new  Zeitschri/i/ur  Praktische  Geologic,  Jan- 
uary, 1893,  and  in  several  subsequent  numbers.  To  the  same  form  of 
origin,  bodies  of  nitkeliferous  pyrrhotite,  in  similar  wall  rocks,  are  re- 
ferred. The  paper?  are  illustrated  with  many  interesting  cross-sections 
of  Scandinavian  mines  and  with  references  to  ore-bodies  elsewhere  in 
the  world.  The  idea  is  a  good  one  and  will  doubtless  be  found  quite 
widely  applicable.  The  immense  bodies  of  titaniferous  ores  now  value- 
less, and  receiving  no  practicable  treatment,  furnish  a  tempting  field. 
In  this  connection,  mention  should  be  made  of  the  recent  investigations 
of  Mr.  Auguste  J,  Rossi — an  account  of  which  was  published  in  the 
Trans.  Amer.  Inst.  Min.  Eng.,  Feb.,  1893,  entitled,  "Titaniferous 
Ores  in  the  Blast -Furnace."  Mr.  Rossi  cites  many  analyses  and  occur- 
rences and  brings  out  the  curious  fact  that  phosphorus  and  sulphur  are 
extremely  low.  or  lacking  in  these  ores  and  that  alumina  rules  high. 
Just  in  what  way  the  elements  are  combined  is  a  most  interesting  ques- 
tion, and  it  is  quite  possible  that  some  hitherto  unsuspected  compounds 
may  exist.  J.  F.  K. 
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The  Mineral  Indubt 

statistical  supplen 

6l8  pp.     Publish^-  -J 

bound  in  cloth,  ^  50 ;  bound  in  paper,  $1. 

Tlie  subjects  treated  include  :  Acids,  Aluminum,  Asitimony,  Asbestos, 
Asphaltum,  Bauxite,  Borax,  Brimstone,  Bromine,  Barytes,  Chemicals  and 
Chemical  Fertilizers,  Chromium,  Coal,  Cobalt,  Copper,  Corundum, 
Fluorspar,  Gold  and  Silver,  Graphite,  Gypsum,  Iron  and  Steel,  Iron- 
Ores,  Lead,  Manganese,  Mica,  Natural  Gas,  Nickel,  Petroleum,  Phos- 
phates, Platinum  and  Platinum  Minerals,  Precious  Stones,  Pyrites, 
Quicksilver,  Soda  (natural),  Sulphur,  Sulphuric  Acid,  Tin,  Zinc,  etc. 

In  treating  each  subject  the  author  describes  the  occurrence  and  char- 
acter of  deposits  in  which  the  minerals  are  found  ;  the  character: stirs  of 
the  mineral;  methods  of  treatment ;  cost  of  mining  ;  characteristics  of 
metal  or  other  products ;  costs  ;  uses ;  statistics  of  production  ;  imports 
and  exports  from  the  earliest  times ;  consumption,  total  a.T\A  per  capita; 
review  of  markets;  prices;  foreign  production,  imports,  exports  and 
consumption. 

Technical  article  by  competent  authorities  give  the  recent  progress  in 
each  department  of  mining,  metallurgy  and  chemical  industry,  forming 
a  valuable  work  of  reference.  The  tables  of  itemized  cost  of  production 
of  many  of  the  minerals  and  metals  afford  valuable  information  to  all 
interested  in  the  industry.  J.  S, 

Phvsical  Measu"ements:  A  Student's  Manual  of  a  Laboratory  Course  in 
Physical  Measuremests.  By  Wallace  Clemeni  S.ibine,  A.M  ,  Insinictor  in 
Harvard  Untveriily.     Bostons  Ginn  &  Co.     1S93.     126  pp.,  Svo. 

As  the  preface  states,  this  book  is  primarily  intended  for  use  in  cer- 
tain courses  at  Harvard,  and  an  outsider  can  imperfectly  judge  how 
well  it  attains  its  primary  object.  We  can  only  speak  in  regard  to  its 
use  in  other  laboratories,  and  there  criticism  must  be  divided  between 
the  manner  of  presentation  and  the  course  of  experiments  upon  which 
it  is  based. 

The  subject-matter  is  clearly  set  forth  and  most  of  the  explanations 
and  discussions  all  that  could  be  desired.  The  discussion  of  "signifi- 
cant figures"  in  a  result  is  very  good  and  quite  complete.  The  most  im- 
portant point  there  omitted  being,  as  to  how  many  figures  of  a  known 
factor,  as  3.14159265  should  be  used  in  the  special  cases  discussed. 

The  lack  of  an  index  and  of  formula  in  the  form  in  which  they  are 
most  commonly  used,  and  of  the  usual  tables  will  interfere  with  the  use 
of  the  book  as  one  of  quick  laboratory  reference. 

As  to  the  experiments  upon  which  the  book  is  based  some  are  very 
good  but  many  are  of  so  elementary  a  nature  that  the  student  may  never 
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see  the  regular  and  customary  way  of  making  the  measurements.     For 
example,  he  is  taught  in  specific  gravity  by  immersiun  to  correct  each 
weight  for  air  displaced  by  weights,  which  is  quite  superfluous  inas- 
I  much  as  the  desired  quantity  is  the  ratio  of  Iwo  weights;  he  must  make 

I  all  the  corrections  individually  and  immediately  and  apparently  never 

uses  the  simple  formula  that  contains  once  for  all  the  corrections  for  dis- 
placed air,  and  the  density  of  the  water. 

Experiments  designed  for  showing  a  principle  with  the  simplest 
means  are  very  good,  but  should  be  supplemented  by  the  complete  and 
usual  methods.  • 

The  experiments  are  all  instructive  and  the  course  would  be  profitable 
if  the  Harvard  methods  of  instruction  were  employed  ;  though  180  hours 
of  laboratory  and  90  hours  of  home  work  seem  a  great  deal  of  time  to 
spend  upon  an  elementary  course. 

The  book  is  well  printed  and  contains  many  good  diagrams, 

W.  H. 
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THE  QUARTERLY. 


MEMORANDA  FROM  TREASURER'S  REPORT. 

2547.877-4Z 


Running  expenses  School  of  Mines,  5  years,  1887—1891 
\  "general  expense"  account,  heating,  lighting,  jani' 

tors,  library,  and  general  administration, 
Interest,  5  years,  on  $1,000,000  real  estate  and  plant, 


Total  for  5  years, 
Receipts  from  fees  during  \ 


period. 
Deficit  (including  interest),    . 


Average  expense  per  year, 
Average  receipts  per  year, 


Average  deficit  per  year  (including  interest). 

Average  deficit  per  year  (omitting  interest), . 

Average  number  of  students  during  this  period, 

Average  cost  per  student  per  year, 
Average  receipts   from    each   student,  lo  per  ceni 
whom  received  free  tuition,    . 


Average  deficit  per  student  per  year, 
Deficit  per  student  for  4  years'  course. 


266,472.63 
150,000.00 


i.o64,35o-c 
*34.457-8 


312,870.01 
46,891.58 


165,978.43 


nS.978-43 

JS4I.OO 
186.00 


05S-O 


Each  free  student  thus   owes  the  college  J3260  and  each  paying 
student  $2460  on  graduating  from  the  school. 

Total  running  expenses  School  of  Mines  since  1864,      .  $2,158,838.74 
i  "general  expenses"  for  same  period,  .         ,         .         .  473,084.64 
Expended  on  buildings  and  equipments  (gifts  not   in- 
cluded)   429,927.39 

Estimated  value  real  estate,     ......  500,000,00 


Total  for  30  years, 3.561,850.77 

Receipts  during  same  period  from  fees,  .        .        .        ,        898,308.15 


Deficit  (interest  not  included),  .  $2,663,542.62 

Which  is  the  debt  owed  to  Columbia  College  by  the  Alumni  of  the 
School  of  Mines, 
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OF  THE 

AMI  OF  Wm  COLLEGE  »0L  Of  lis 

1893. 


MsMBEItS  OF  THE  AluUHI  AsaOGIATtON   JlSD  OtHER  GRADUATES 

Detectino  Erbobs  in  the  Succeedino  Lists 
Will  Please  Seno  Cokhections  to 

PROF.  F.  R.  HUTTON, 

SBCHETARY, 

COLUMBIA  COLLEGE  SCHOOL  OF  MINES, 

OR   TO 

No.  12  West  Thirty-first  Street, 
Nbw  York  City, 
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CONTENTS. 


Officers  of  the  AsBociation,     .... 
T.ist  of  all  Graduates  by  Claesei, 

List  of  Members  of  Alurani  AsBOciatiun  (alphabetical), 
Li^t  of  Honorary  Members,   .... 
List  of  Graduates  Not  Members  of  Alumni  Association, 
List  of  Members  Classified  by  States  and  Towns,    . 
Constitution  of  Alumni  Assoeiatiou, 


^70 
82 
87 


SUMMARY. 


All  Graduates, 

Members  of  Alumni  Associatioii, 

Honorary  Members,    . 

Life  Members, 

Associetes, 

Other  Graduates, 

(Rbvised  to 
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OFFICERS 


CONSTITUTING  THE 


Board  of  Managers 

OF  THE 

ALUMN!  ASSOCIATION  OF  THE  SCHOOL  OF  MINES 


Prtiidml, 

WILLIAM  BARCLAY  PARSONS,  '82. 

22  William  St.,  N.  Y. 

Vite-PraidaU, 
ELWYN   WALLER,  70, 
83  W«Bt  15th  St.,  N.  Y. 


F.  K.  BUTTON,  76. 
Columbia  College,  N.  Y. 

ALFRED  J.  MOSES,  '82. 
Columbia  College,  N.  Y. 


MANAGERS. 

'    Terms  expire  1898.  Oroiip.  Tarmseiplre  ISM. 

JOHN  A.  CHURCH,  '67.  I.  WM.  ALLEN  SMITH,  '68. 

WILLARD  P.  RHTLER,  78.     II.  E.  G.  LOVE,  76. 

ISAAC  B.  JOHNSON,  79.      IIL  EDWIN  P.  CLARK,  '80. 

SAM'L  W.  ANDREWS,  '90.     IV.  D.  LsR.  DRESSER,  "89. 


Note. — Correspondence  concerning  Aaea  and  other  clerical  delailB  of  Ihe  work  of 

the  Aeaocintion  maj  be  conveoientl;  addressed  lo  Mr.  Frakcis  W. 

HDAD1.ET,  AeaiBtanl  to  Ihe  Seerelar;  and  Treasurer, 

No.  12  West  3l8t  8l.,  New  York  City. 
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LIST  No.  1. 


Contains  the  names  of  all  Graduates  and  Members  of 
the  Alumni  Association  grouped  by  classes  from 
the  beginning.  The  details  as  to  Residence  and 
Professional  Occupation  are  given  in  the  sec- 
ond or  alphabetical  list  for  convenient  reference. 

(Revised  to  Jume,  1893.) 
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GRADUATES  AND  MEMBEES 

ASSOCIATION  OF  THE  ALUMNI. 


[NtTTE.— Where  the  nsme  is  (blloved  bj  b  date,  il  denotes  that  the  pCTson  it 
longer  Iking,  nnd  the  dale  ia  the  year  of  llie  death.] 


Adams,  J.  M.,  1S92. 
BridBbam,  S.  W. 
Bruneon,  E.  S, 
Brown,  F,  G. 
Chureh,  J.  A. 


Barnard,  A.  P. 
Baxter,  0.  S, 
Carson,  J.  P. 
Chester,  A.  II. 
Couraon.  G.  H. 
Geer,  G.J.,  Jr. 
Hnnna,  G.  B. 
MacMartin,  A.,  \»ii\. 


1867. 

Cornwall,  H.  B. 
Giddinge,  K  E. 
Gracie,  C.  K.,  1S91. 
Hale,  A.  W. 
Harding,  G.  E. 

1868. 

Melliss,  D.  K 
Moffatt,  E.  S. 
Parsons,  G.  H. 
Pennington,  J,  P. 
Pirtor,  W. 
Piatt,  C.  S. 
Robertson,  K. 


Harmer,  T.  H. 
Heath,  P.  M. 
TuHle,  W.  W. 
Van  Lennep,  D. 


Shack,  A.  P. 
Schermerhorn,  F.  A. 
Smith,  Tj. 
Smith,  W.  A. 
Stxlkneoht,  F. 
Van  Aradaie,  W.  H. 
Wheekr,  M.  I>..  13S3. 


Bloiwoiii,  T,  M.,  IH76. 
Bmclcman,  F. 
Campbell,  A.  (7. 
DuUfield,  A.  F. 
Hooker,  W.  A. 


Haight,  0.,  IW'.M. 
Ingersoll,  W.  H. 
Knap)),  J.  A. 


Huntington,  0. 
Irving,  R.  D.,  m 
Jenney,  W.  P. 
Munroe,  H.  S. 


1870. 
Lilienthal,  J.  L. 
Lindftlej',  S. 
Parrot,  E,  M. 


Nettre,  L.  R. 
Newton,  H.,  I8TT. 
Potter,  W.  B. 
Randolph,  J.  C.  F- 


Terhune,  B.  H. 
Van  Wagencn,  T.  F. 
Waller,  E. 
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Fitlea,  W.  E.  S.  Ricketts,  P.  de  P. 

Goldschmidt,  S.  A.  Rigga,  G.  W. 

Goidon,  J.  Roberts,  G.  S. 


Bobertaon,  B.  S.,  Jr. 


Austen,  P.  T. 
Jenney,  P.,  1876. 


CanGeld,  F.  A. 
Colton,  C.  A. 


MdJowel),  F.  H. 
Slowie,  T.  O'O. 

1873. 

Mott,  H.  A. 
Webb,  H.  W. 


Allen,  C.  S.  Lillie,  S.  M. 

Benedict,  W.  de  L.  Murray,  G. 

Cameron,  J.  G.  M.,  1892.  Olcott,  E.  K 
Ledonx,  A.  R.  Rees,  B.  F. 


IhUeng,  M.  C. 
lies,  M.  W. 
Jaokson,  C.  E. 
Joy,  D.  A.,  1888. 
LuDBOn,  R.,  I8T6 
Le&vena,  H.  W, 
Macy,  A.,  1891. 


Austin,  T.  S. 
Bnien,  F.  E.,  1884. 
Cornwall,  G.  R. 
Craven,  F.  C,  1890. 
Foote,  H.  C,  1888. 
Ganison,  E.  H. 
Gratacap,  L.  P. 
Hall,  R.  W. 
Hamilton,  S.,  Jr. 


1875. 

Noyes,  W.  S. 
Pfister,  P.  C. 
Putnam,  B,  T.,  1886. 
Bees,  J.  K. 
.  Rolker,  C.  M. 
Russell,  S.  H.,  1892. 
Stewart,  H. 

1876. 
Holbrook,  F.  N. 
Hoyt,  W.  L. 
Hunt,  F.  F, 
Hntton,  F.  R. 
King,  C. 
Lord,  N.  W. 
Love,  E.  G. 
Maghee,  J.  H. 
Morewood,  H.  F. 


Rhodes,  F.  B.  F. 
Williams,  F.  H. 


Thompson,  M.  8. 
Tucker,  J.  H. 
Yanderpoel,  F. 
WellB.J.S.  C. 
Wetmore,  E.  A. 
Wright,  A.  A. 


O'Grady,  J.  W.,  1890. 
Randolph,  J.  F. 
Rosa,  W.  C. 
Schneider,  A.  F. 
l^lden,  G.  C. 
VanBlarcom,  E.C 
Walbridge,  A.  C,  1892. 
Wardlaw,  J.  R. 


Barros,  L.  de  S. 
Bams,  G. 
Bearf,J.  T. 
Behr,  E. 


1877. 
Buckley,  C.  R. 
Cady,  L  B. 
Canfield,  A.  C. 
Cauldwell,  J.  B, 


Clark,  H.  G.,  1881, 
Colby,  C.  E. 
Constant,  C.  L. 
Cornell,  0.  B. 
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Floyd,  P.  W. 
Hdkberg,  F.  S.,  1883. 
HiWreth,  W.  E. 
Ihlseng,  A.  0. 
Jordao.  J.  N.  P. 
Kelly,  W. 


Martin,  E.  W. 
Murphy,  J,  G. 
Nichols,  R. 
Noma,  D.  H. 
PrieBt,  J.  R.,  1880. 
Radford,  W.  H. 


Mackintosh,  J.  B.,  Ig^I.  Reed,  S.  A. 


Rogers,  C.  L' 
Sage,  E.  E. 
Smeaton,  W.  H. 
Smythe,  R.  M. 
Thaoher,  A. 
Van  Boflkereit,  R.  W. 
Waterbury,  C.  R 


Adams,  W.  J. 
Benjamin,  M. 
Blydenburgb,  C.  E. 
Downiug,  0,  P. 
Drummond,  I.  W. 
Eliot,  W.  G. 
Fernekee,  A,,  1884. 
Haas,  U.  L. 
Haaegewa,  Y. 
Hodges,. H.  A.,  1883. 
Holden,  E.  H. 
Hollis,  W. 
Johnson,  K  M. 
Johnson,  G.  H. 


1878. 

Karr,  C.  P. 
Booraem,  R.  E. 
Briokerfaoff,  G.  C. 
Butler,  W.  P. 
Lawrence,  B.  B. 
Lyman,  F. 
Martin,  N. 
McCuUoh,  B.  A. 
Morewood,  G.  B. 
Morris,  G.  W. 
Mansell,  C.  K 
Murphy,  H.  N. 
Nambu,  K. 
Newberry,  S.  B. 


Cashman,  A.  R" 
Davis,  J.  W. 
Devereui,  W.  B. 
Noyes,  J.  A.         ■ 
Olmstead,  0.  F.,  II 
Owen,  F.  N. 
Palmer,  C.  E. 
Parker,  R.  A. 
Paaos,  V.  F. 
Perry,  N.  W. 
Strieby,  W. 
Willis,  B. 


Bolton,  R. 
Britton,  N.  L. 
Cloud,  L.  G. 
Cornwall,  H.  C. 
Deluxe,  L.  P. 
Eastwick,  Q.  S. 
Haffen,  L  F. 
Harker,  C.  S. 
Hathaway,  N, 
Hullerith,  H. 
Hollick,  C.  A. 
Johnson,  I.  B. 


1879. 

Johnston,  R.  A. 
Koch,  E.  C. 
Leggett,  T.  H. 
Ludlow,  E. 
Miirsh,  C.  W. 
Mathifl,  T.  8. 
Mayer,  R.  E. 
Merwio,  H.  J. 
Milliken,  G.  F. 
Munroe,  0.  M. 
Neftel,  K. 
Nesmitb,  J. 


Jloble.  C.  M. 
Reed,  W.  B.  S. 
Rhodes,  R.  D. 
Rutherford,  F.  M. 
Sheldon,  G.  H.,  1889, 
Starr,  H.  F. 
Stewart,  F.  B.,  1879. 
Stone,  G.  C. 
Suydam,  J.  R.,  Jr. 
Williams,  G.  W. 


Beebe,  A.  L. 
Benjamin,  F.  P. 
Browning,  F.  D„  1885. 
Browning,  J,  H.  B. 
Brugman,  W.  F. 
Butler,  N. 


1880. 

Churchill,  A.  D. 
Clarit,  E.  P. 
Elliott,  W. 
Engel,  L  G. 
Francke,  R.  O. 
Garliche,  H. 


Greene,  W.  U, 
Greenleaf,  J.  L 
Hallock,  A.  P. 
Hendricks,  H.  H. 
Hooper,  L.  M. 
Hopke,  T.  M. 
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HudsoD,  E.  H. 
Kletwtko,  F. 
Kunhardt,  W.  B. 
MaUison,  J.  Q. 
Meissner,  C.  A. 
Merritt,  J.  H. 
Navarro,  J.  A. 


Parker,  A.  McC. 
Parks,  J.  R. 
RobiDSon,  H.  A. 
Ruttmao,  F. 
SiDger,  Q. 
Siuget,  Q.  H. 
SmaUey,  W.  B..  1) 


Smith,  M. 
Tonneie,  T. 
Torrey,  C.  H. 
Walker,  J.,  Jr. 
Wheeler,  H.  A. 


Andreseo,  G.  A. 
Ascfaman,  F.  T. 
Bleecker,  C.  P. 
Braachi,  V.  M. 
Bush,  E.  R. 
Chazal,  P.  E. 
Colby,  A.  L. 
Curtis,  C.  G. 
Douglas,  E.  HI. 
Dunham,  E.  K. 
EUiott.  A.  H. 
Farman,  H.  V.  F. 
Griswold,  W.  T. 


1881. 

Hemmer,  F.  4- 
Jndd,  C.  B. 
Leaiy,  D.  J. 
LeBoutilUer,  C. 
Ledoux,  A.  D. 
Little,  W.  P. 
Mcaerole,  W.  M. 
Neyniann,  P, 
O'Connor,  M.  J. 
O'Connor,  T.  D. 
Pitkin,  L. 
Raymer,  0.  S. 
Richmond,  W.  T. 


Roberts,  A.  C. 
Sawyer,  C.  P. 
Share,  W.  W. 
Starr,  C.  D. 
Steams,  T.  B. 
Swain,  A.  E. 
Tuttle,  E.  0. 
Van  Sinderen,  A.  H. 
Vult4,  H.  T. 
Wiechmann,  F.  G. 
Williams,  W.  F. 
WUson,  H.  M. 


Caiman,  A. 
Conant,  T.  P.,  1891. 
Cooper,  W.  H. 
Crocker,  F.  B. 
Dougherty,  O.  V.,  18 
Downea,  S.  B. 
Downs,  W.  F. 
Emiich,  A.  F. 
Falk,  D.  B. 
Feuchtwanger,  H. 
Fitch,  C.  L. 
Going,  C.  B. 
Hill,  W. 


1882. 

Illig,  W.  C. 
Joiiet,  C.  H. 
Mesa,  A.  E. 
Moses,  A.  J. 
».  Oothout,  E.  A. 
Pafee,  W.  S. 
Parsons,  W.  B. 
Payne,  C.  Q. 
Porter,  J.  B. 
Powers,  C.  V.  V. 
Sands,  F. 

Shiunway,  W.  A.,  1892, 
Staunton,  W.  P. 


Stockwell,  N.  S.,  18 
Toucey,  D.  B. 
Trophagen,  F.  W. 
Vondy,  R.  H. 
Wainwright,  J.  H. 
Waiiier,  A.  G. 
Ward,  N.  B. 
White,  W.  S. 
Wilson,  W.  A. 
Wittmnck,  C.  A. 
Young,  E.  L 


Abeel,  G.  H. 
Adams,  R. 
Ayeatas,  A. 
Bafch,  S.  W. 
Banks,  J.  H. 
Bardwell,  A.  F. 


Brereton,  T.  J. 
Brewster,  H.  D. 
BuUman,  C. 
Carr6re,  3.  M. 
Cbanning,  J.  P. 
Endicott,  G.,  1880. 


Ferrer,  0.  F. 
Ferris,  J.  C. 
Fiollos,  E.  C. 
Haasis,  D.  F. 
Humbert,  W.  S 
]Utliendahl,A.  ^ 
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MacTeague,  J.  J. 
McKenna,  C.  F. 
Oxnard,  J.  G. 
Painter,  3.  G. 
Parags,  C.F. 
Peele,  R.,  Jr. 
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Powell,  F. 
Randolph,  E. 
R«DauIt,  0. 
Rich,  J.  M. 
Richardson,  J.  C. 
Ridsdale,  T,  W. 


Suter.  G.  A. 
Tibbala,  G.  A. 
Tower,  A.  E. 
Walker,  A.  L. 
Weed,  W.  H. 


Adams,  W.  C. 
Alden,  H,  C. 
Baldwin,  W.  M. 
Barnard,  E.  G. 
Barratt,  E  G. 
BodeleeQ,  0. 
Brinley,  J.  R 
Bryce,  W. 
Buckingham,  F.  E. 
Burritt,  W.  W. 
Corcoran,  J.  T. 
Del  Calvo,  F. 
Duncan,  W.  P..  ]t*8P, 
Dusenbeiry,  W.  T. 
Kaston,  L.  C. 
Fahye,  G.  K. 
Fiwh,  J.  H. 
Fitzgerald,  Q.  E. 
.Fowler,  S,  S, 
Glover,  C.  G.,  188B. 
Goaling,  K  B. 


Griffin,  S.  P. 
Gross,  L.  N. 
Horn,  J.  T. 
Kemp,  J.  F. 
Lamb,  A.  J. 
Luttgen,  B. 

McGennia8.J.W.,Jr..l8flO. 
McKim,  R.  A. 
McLousblin,  C.  S. 
Miller,  C.  W. 
Moeller,  W.,  1887. 
MorsR,  D.  E. 
Morgan,  W.  F. 
Mulford,  R. 
Napier,  A.  H. 
Newberry,  W.  E. 
Newbrough,  W. 
Nolan,  F. 

Northrop,  J.  I.,  1891, 
Nye,  A.  C. 
Painter,  C.  A. 


PeariB,  C.  P. 
Pellew,  C.  E. 
Post,  A.  S. 
Powers,  L.  J. 
Proctor,  W.  R 
Reckhardt,  D.  W. 

F. 
Rood,RG. 
Rowland,  C.  R 
Rupp,  P.,  Jr. 
8choney,  B.,18S8. 
Sherman,  F.  D. 
Skck,  C.  G. 
Smedberg,  H.  A. 
Snook,  T.  E. 
Speyers,  C.  L. 
Tibbala,  S.  G. 
Value,  B.  R 
Walbridge,  F.  K. 
Wood,  G.  & 


Amy,  E.  J.  H. 
Barkley,  H.  F. 
Bemia,  F.  P. 
Brennan,  A,  J. 
Bush,  W.  F. 
Car>',  G. 
Clark,  F.  S. 
Cozzens,  U. 
Crowcll,  0.  B. 
Detwillor,  C.  H. 
Doolittle,  C.  11. 
D  wight,  A.  S. 
Eddie,  E.  C. 
Engelhardt,  E.  N. 
Graff,  C.  E, 
Hart,  B. 


Hawkes,  E.  McD. 
Hildreth,  R  W. 
HoUis,  H.  L. 
Huntington,  F.  W. 
Ingram,  E.  L. 
JohnBoii,  A.  G. 
liacumbe,  C.  F. 
Lee,  G.  B. 
Mannheim,  P.  A.  L. 
Marie,  L. 
Meyer,  H,  H,  B. 
JlerriU,  F.  J.  H. 
Miller,  C.  L. 
Moldehnke,  R  G.  G. 
Noble,  L.  S. 
Norria,  R.  V,  A. 


Page.  G.  S. 
Pieiw,  H.  N. 
PoUedo,  Y.  Y. 
Sanders,  W.  E 
Shope,  H.  B. 
Starek,  E. 
Struthera,  J. 
Thomas,  F.  M. 
Titus,  W,  H. 
Van  Cortlaudt,  B.  N. 
Watson,  F.  M. 
Whitaian,  E.  P. 
Wiltaie.  E.  A. 
Woolson,  L  H. 
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Agramcinte,  E.,  Jr. 
Agnimonte,  J.  C. 
Bell,  H.  M.,Jr 
Berry,  W.  G. 
Casey,  E.  P. 
Cooant,  H.  D. 
Edwarda,  R.  M. 
Frankfield,  E. 
Good.  Q.  McC.  H. 
Home,  W.  D. 
Howe,  E. 


AHridge,  W.  H. 
Appleby,  W.  R. 
Bellinger,  H.  P. 
Bien,  J.  K. 
Bums,  A.  L 
BumB,  E.  Z. 
Butler,  W.  C. 
Chureh,  E.  D, 
Cule,  H.  M. 
Congdon,  E.  A. 
Cox,  J,  S.,  Jr. 
Darwin,  H.  G. 
Davis,  C.  H. 
Donoell,  H.  E. 
Ferguson,  W.  C.  A. 
Gage,  S.  E. 
Goldsmith,  B.  B. 
Gudeman,  £. 


Allen,  R.  L. 
Appleby,  J.  8. 
Baker,  G.  L. 
Bartlett,  F.  R, 
Bechetein.  C.  A. 
Beoltwith,  C.  E. 
Berry,  (i. 
Colt,  S.  B. 
Comatock,  C,  N. 
Dodge,  F.  D. 
Dodawortli,  W.  A. 
Dow,  A.  W. 
Fisher,  W. 
Frank,  J.  W. 


1886. 

Janeway,  J.  H- 
JenkB,  A.  W. 
Kiraam,  H.  S. 
Lederle,  E.  J. 
Lee,  H.  C, 
Newhouse,  E.  L. 
Norton ,  L.  H. 
Omisbee,  J.  J. 
Osterheld,  T.  W, 
Peck,  S.  B. 
Porler,  H.  H.,  Jr. 

1887. 

Heinsheimer,  A.  M. 
Hnntling,  H.  0. 
Jacobs,  D.  M. 
Jacobs,  S.  J. 
Jeup.  B.  J.  T. 
Lahey,  J. 
Lahey,  B. 
Luqner.  L.  McI. 
Liiek,  G. 
MacKaye,  H.  S. 
Mannheim,  H.  C, 
Marsh,  J.  B. 
Middleton,  J. 
Mueller,  R. 
Mailer,  G. 
Nichols,  H.  P 
PrinielleH,  J.  A. 
Bestrepo,  C. 

1888. 

Gardner,  W.  D. 

Hebert,  O.  B. 

Hopkc,  F.  E,,  1890. 

Jonea,  W.  D. 

Koen,  J,  J. 

Leno*,  L.  B. 

Lipps,  H.,  Jr. 

Mcllvaine,  A.  R. 

Mae]  ay,  J. 

Morgan,  h- 

Miller.  R  P 

Munoz  del  Monte,  A.  C. 

Paricer,  O.  B.,  1891. 

ParBona,  H. 


Ryon,  A.  M. 
Spooner,  A.  N. 
■  Stodder,  R.  H.,  1887. 
Stuart,  W.  H. 
Thompson,  H.  C. 
Trowbridge,  S.  B.  P. 
Van  Brunt,  A.  H. 
Von  Narfroff,  E.  R. 
Wallace,  W.  J. 
Wheatiey,  J.  Y. 
WUson,  C.  E. 


Rice,  G.  S. 
Rowland,  6. 
Rutherford,  L.  H, 
Sohieffelin,  W.  J. 
Se)  iff  in  an,  J.  G. 
Siraonda.  F.  M. 
Slade,  R.  K 
Stanton,  F.  McM. 
Staunton,  J.  A.,  Jr. 
Stevens,  A. 
Tower,  F.  W. 
Traak,  G.  F.  D. 
Tyler,  W.  L. 
Warner,  J.  L. 
Wela,  P.  0. 
Wertheimer,  L. 


Percivai,  G.  S.,  1893. 
Perkins,  T.  8. 
Schumann,  C.  H. 
Shriver,  H.  T. 
Smith,  F.  P. 
Smyth,  C.H.,  Jr. 
Stoughton,  A.  A. 
Taylor,  J.  B. 
Tucker,  A. 
Van  Dyck,  E. 
Van  Volkenburgh,  E. 
Volckening.  G.  J. 
Wampold,  L. 
Ward,  D.  W. 
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Atha,  H.  Q. 
Berry,  G. 
Brown,  R.  G. 
Cramer,  S.  W. 
Cromwell,  J.  W. 
Denton,  P.  W. 
Dreeaer,  D.  LeR. 
Eastwick,  E.  P. 
Bilers,  K.  K 
Escobar,  F. 
Feam,  P.  LeR. 
Fowler,  A.  C. 
Freedman,  W,  H. 
Gifibrd,  S.  D. 
Griffith,  V.  C. 
GriggB,  W.  E. 
Guiterman,  E.  W. 


Harrington,  T.  H. 
Harris,  E. 
Heinze,  F.  A. 
Holt,  M.  B. 
Ives,  A.  S. 
Jopling,  R.  F. 
Luquer,  T.  T.  P. 
Mahony,  A.  S. 
Mapes,  C.  H. 
Maeon.  C.  S.,  1889. 
Massa,  C.  G. 
Matthews,  C.  T. 
Monell.  J.  T. 
Moeley,  R.  K. 
Oseransky,  I.  H. 
Piei,  C. 
Post,  A.  Van  Z. 


Preston,  W.  E 
ProToat,  A.  J.,  Jr. 
Provot,  G. 
Raymond,  R,  M. 
RajnoT,  R. 
Rogers,  0.  L. 
Schroeder,  J.  L. 
Skidmore,  S.  T. 
Small,  F.  M. 
Smith,  A. 
Smith,  F.  M. 
Stoughton.  C.  W. 
Waters,  G.  S. 
Wedekind,  E.  H. 
Weekes,  E.  F., 
Weeks,  W.  H. 
Whitlock,  H.  P. 


1893. 


Andrews,  S.  W. 
Beckwith,  G.  A. 
Bebien,  H. 
Bett«,  R.  T. 
Black,  A.  L. 
Blake,  E.  M. 
Book,  D.  D. 
Bradley,  S.  R 
Buckland,  W.  A. 
Cairns,  F.  I. 
Canon,  J. 
Clark,  D.  L.' 
Clayton,  W.  R. 
Colton,  F.  G. 
Connell,  H.  R. 
Coykendall,  T.  C. 
Davis,  W.  M. 
DeghaeS,  J.  A. 


1890. 

Douglas,  J.  S. 
Ferguson,  G.  A. 
Fisher,  L.  W. 
FoyS,  A.  K 
Gudewill,  C.  E. 
Gould,  E.  C. 
Hart,  C.  H. 
Hewlett,  J.  M. 
Hieka,  G.  J..  1891, 
Hinman,  B.  C. 
Hooper,  F.  C. 
Hoyt,  J.  S. 
Horlburt,  E.  D.,  Jr. 
Jarmulowsky,  M. 
Jones,  T.  J. 
Kohn,  R.  D. 
Kom,  L. 
Levy,  A.  L. 


Licht«nst«in,  E.  G. 
Lowndes,  W.  S. 
MeKIeroy,  W.  H. 
Mann,  H.  B. 
Massa,  L.  F. 
Meikleham,  T.  M.  R 
Montenegro,  M.  R. 
Parker,  H.  C. 
Portuondo,  J. 
Post,  W.  S. 
St.  John,  T.  M. 
Steers,  J.  R 
Thome,  W.  L 
Wwnright.  R.  T. 
Warren,  C.  P. 
Welch,  A.  Mo3I. 
Welsh,  H.  F. 


Anderaon,  Geo. 
Bliss,  C.  P. 
Blossom,  F. 
Boecklin,  W. 
Boyd,  R  C. 


1891. 
Brosnan,  F.  X. 
Cristy,  E.  B. 
Eberhard^  Wm.  G. 

Goodwin,  E. 
Hawley,  J.  F. 


Holier,  N.  B. 
Hornbostel,  H.  F. 
Keeler,  F.  S. 
Kinsoy,  P.  W. 
Langthom,  J.  S. 
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Leary.  Geo- 

Raymond,  A. 

Toeket,  S.  A. 

LiUiendiJil,  F.  A. 

Skinner,  E. 

Tudia,  G.  B. 

Livingston,  A.  R. 

Slrout,  W.  A 

Warrcn,  L. 

M.H,  J.  T. 

Thomaa,  F.  C. 

Watson,  R.  B. 

MiUet.  B.  H. 

Totten,  G.  0.,  Jr. 

Wiener,  Wm. 

Mora,  M.  L 

1802. 

Ansbacher,  L.  A. 

Gillette,  H.  P. 

Pieme,  ¥.  E. 

Anthon,  A. 

Granger,  A.  T>. 

Reckhart,  G.  P. 

Bergon,  C.  H. 

Hay,  A. 

Ries,  H. 

BollenH. 

Hcrekenrath,  W.  A. 

Eosenlbal,  A. 

Buiden,  H.,  2d. 

Jaokaon,  0. 

Savage,  S.  M. 

Cmmigot,  a.  H. 

Slotehka,  J.  J. 

Southard,  G.  0. 

Clark,  Edmund. 

Livingston,  G. 

Temple,  8.  J. 

Clarke,  W.  C. 

Longacre,  L  B. 

Towart,  J. 

Dolan,  C.  F. 

I«rd,  F.  R. 

Vanlngen,  D.  A 

Dufourcq,  E.  I^ 

MeBhiney,  P.  C. 

Werner,  H.  C. 

Durham,  B.  B. 

MoKinlay,  J.  B. 

White,  R.  D. 

Dulchor,  B.  H. 

Meisel,  F  C.  A. 

Windecker,  C.  N. 

Fmnar,  C.  N. 

Mora,  E 

Windolpb,  A.  P 

Friedman,  S, 

1893. 

Agramonte,  I.  E. 

Haakell,  H.  Q. 

Poderson,  F.  M. 

Aldrich,  e.  H. 

Hoyt.  R. 

Pomeroy,  W.  A 

Ayres,  W.  C. 

Hyde,  F.  S. 

Post,  R.  B. 

Behrman,  G.  W. 

Jones,  J.  E, 

Prince,  A.  D. 

Bowange,  E.  R. 

Runs,  E.  L. 

Provot,  F.  A 

Brooks,  W.  F. 

Langmuir,  A.  C. 

Reynolds,  M.  T. 

Canfield,  M.  C. 

Liebmann,  A. 

Robinson,  F.  G. 

Clark,  0.  H. 

McKee,  8.  H. 

Schrotor,  G.  A. 

Corell,  W.  8. 

Maoy,  V.  E. 

Smith,  H.  A. 

Footer,  R.  G. 

Malukoff,  A.  J. 

Thompson,  S.  C. 

Giegory.  L.  E. 

Matthot.,  W.  D. 

Tilghman,  H.  A 

Hankin«>n,  A.  W. 

Neiton,  T.  M. 

Tutlle,  W. 

Harte,  C.  R. 

Oake.,  J  C. 
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LIST  No.  2. 


This  list  embraces  the  members  of  the  Alumni 
Association  of  the  School  of  Mines  under  the 
Constitution  of  that  body.  It  is  urged  that  all 
graduates  of  the  School  should  list  themselves 
under  this  group.  Names  not  found  here  are 
grouped  in  List  No.  3,  which  includes  graduates 
-who  are  not  also  members.  All  graduates  are 
requested  to  try  to  make  and  keep  this  list  correct 
and  accurate. 
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ALUMil  ASSOCIATION  OF  THE  SCHOOL  OF  MINES. 


Abeel,  Gbobge  Howard,  E.M., 1883. 

Box  621,  Hurley.  Iron  Co.,  Wis. 
1883-1884,  Chemist  IroQ  QifiB  Co.,  Negaanee,  Mich.  1866-1868,  AnistsDt  Uankger 
Iron  CIlAb  Co.  18SS-lfl8S,  Manager  Irooton  Iron  Hiaing  Co.,  and  Agent  Pilgrim 
Hinlog  Co.  1889.  Supervisor  Bewemer  TowDship,  Qogebic  Co,,  Hich.  1888  to  date 
General  M»Qager  ol  Montreal  Birer  IroD  Mining  Co.,  Hurley,  Wis.,  and  ie8»-9S 
Agent  Ruby  Iron  Mining  Co.,  Bessemer,  Mich.  Oenenil  Manager  Section  33  lion 
Mining  Co.  Vice-president  1st  National  Bank,  Hurley,  Wis.  Vice-preradent  Wis- 
consin Supply  Co.,  Hurley,  Wis. 

Adamb,  Randolph,  E.M ■.        .        .    1883. 

Broken  Hill,  N.  S.  Wales,  Australia. 
1884-RT,  Assistant  Superintendent  and  Superintendent  of  the  Silver  King  Mine. 
Silver  King,  Arizona.    1887-91,  engaged  in  Auitralla  aa  Mining  Superintendent  and 
Mining  Expert,  and  now  Manager  of  the  Central   Broken  Hill  Mine,  Broken  Hill, 
N.  S.  Walea,  Anstfalla. 

Adams,  Wiluam  Crittenden,  C.E.,       ....    1884. 

Address  unknown. 
Agramonte,  Emilio,  C.E., 1886. 

118  E.  Seventeenth  Street,  New  York  City. 
Aldbidge,  Walter  Hull,  E.M., 1887. 

United  Smelting  and  Refining  Co.,  East  Helena,  Montana. 
Beginning  Jnly,  1887,  Assayer  at  Colorado  Smelting  Co.,  Fneblo.     At  dilteent 
times.  Chemist  of  Colorado  Smelting  Co^  Pueblo.     Augnst,  1B90-91,  AssislMit  8d- 
peiintendenlandMetallurgist  of  Colorado  Smelting  Co.,  Pueblo.    Assistant  Manager 
United  Smelting  and  Bedning  Co.    1893,  Haoaget  aa  above. 
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Allen,  Chas.  Sumner,  Ph.B.,  M.D.,       ....     1874. 

PrBcticiDK  PbjsicUD. 

Allen,  Roreet  LawrekcEj  A.M.,  E.M.,         .  .    1888. 

102  Cambridge  Place,  Brooklyn,  N.  Y. 
Amt,  Ernest  Jdlids  Hyacikthe,  A.B.,E.M.,         .         .     1885. 

Darango,  Colo. 
168e-lB86,  ChemiRt  and  Assttyer  At  worlia  of  the  San  Jnan  and  N.  T.  M .  Bod  S.  Co., 
»t  DaniDfEO.  Colo.,  with  the  exception  nf  tliree  nionths'  profenional  visit  to  Old 
Mexico.  1886-1887,  AnUtAnt  MAoatwr  of  tlie  Sau  Jnan  and  N.  T.  M.  and  S.  Co.,  nt 
Dannie,  Colo.  I88T-1B88,  Manager  of  the  Haielton  Hnantain  Mining  Co.,  at  Sil- 
verton,  Colo.  1868  to  April  1,  IB90,  Aasiatant  Manager  of  Works  of  tlie  Sku  Joan 
Bmeltlng  Rnd  Minintc  Co.,  at  Duraugo,  Colo.  |tbe  S,  J.  6.  ant)  H.  Co.  being  formed  bj 
the  cnnBolidation  of  the  S.  J.  aiid  N.  Y.  H.  and  S.  Co.,  of  Du»ngo  and  the  Huelton 
MLMfg.  Co.,  of  Silverton,  Colo.).  Since  April  1,  IH90,  Oeneral  Manager  of  the  Sbd 
Juan  SiueltiDg  aiiit  Mining  Co..  at  Uurango,  Colo. 

Anduewh,  Samuel  Wakeman,  Jr.,  Ph.B.,     .        .        .     1890. 

35  W.  Forty-Mcond  Street,  New  York  Cily. 
Anrbacuer,  Lodis  Adoi-ph,  Ph.B.,         ....     1892. 

A.  B.  AnBbacher  &  Co.,  4  Mui-niy  St ,  New  York  City. 
Anthon,  Archibald  (Associate), 1892. 

21  Cliurtih  St.,  Salem,  Maas. 
APPI.EBY,  W.  R,,  A.B.  (Associate) 1887. 

Prufeesor  of  Mii)iiif;  and  Metallnrtiy,  Univeraity  of  Minnesota,  and  9!  I 
Fifth  St.,  S.  E.,  Minncapulis,  Minn.  ;  t^so  29  Bentley  Avenue,  Jer/ 
sey  City,  N.  J. 
Atha,  Henry  Gurnby,  Ph.B. 1889.. 

756  High  Street,  Newark,  N.  J. 
AcsiEN,  Peter  Towkmend,  Ph.B.,  Ph.D.,      .        .        .     1872.. 

331  Produce  Eschange,  N.  Y.  Cily.  and  New  Brunswick,  N.  J. 

16(7-1880,  Aiaistaiit  Profewor  of  Analytical  Chemigtry,  Bntftein  College.     ISSO*- 

1889,  ProrEBSUT  of  OenerMl  nod  Appiiud  Chemietry,  Rutgere  College.      1891-189:t< 

Analytical  Clieniiat.    If93,  Professor  of  ChemlslTy,  Polyt.  Institate,  Brooklyn,  N.  Y. 

AubTiN,  Thomas  Skptimus,  E.M., 1876i 

Monterey.  Mexico. 
1877-1878,  in  Cuba  ai  ClieaiiBt    1879-1880,  Asaayer  Oermania  Smelting  Co.    ISBO-- 
18flO,  Superintenilent  Bio  Omnde  Smelting  Co,,  Socorro.  N.  H, 

B. 

Baker,  George  Lewis,  Ph.B., 1888. 

Address  nnknown. 
Baixh,  Samuel  Weed,  E.M., 1883. 

Box  333,  Yonkers,  N.  Y.,  and  757  l-Jiuttable  Buildinft,  N.  Y.  City. 

1883-1BS4,  Otis  Elevator  Co,    I884-18S6,  Mowing  Machine*.    lSd6-lse9,  Gai^-in 

Machine  Co.,  Tools  and  Special  Hachinery.    1889  to  date,  Oeneral  consulting  pmctice 

asHechanlcal  Expert  and  Patent  Attorney.  Specialty,  Diflleult  Mechanical  Prohlems. 

Baldwin,  William  M.,  Ph.B.  (Life  Member),         .         .     1884. 

65  Beekman  St.,  N.  Y.  City,  and  Garden  City,  Queens  Co,,  N..  Y. 
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SiuM  1895,  Chemist  for  t)ie  Nen  Tork  Dye  Wood  Extract  and  Chemical  Co.  Sinn 
1888,  Vice-President  of  the  HboTe  corporatiun, nod  at  present  having  charge  of  thvit 
nianafactoring  department. 

Banks,  John  Henry,  E.M 1883. 

104  Jolm  Sireet,  New  York  City. 
ChsniUt,  Awiitant  in  Assaying  aiid  Analytical  Cliemiit.    Specialty,  Metallnrgicsl 
Products. 

Bardwell,  Alonzo  Frick,  E.M 188-1 

Bus  773,  Aspen,  Cul. 
Barnard,  Edward  Chester,  EM..,        ....    1884. 

U.  S.  Geological  Survey.  Washington,  D.  C. 
Atsiataiit  Topographer  and  at  present  Topographer  In  tlie  United  States  Oeoluginl 
Suney,  1884-1891,     Have  been  engaiied  in  mapping  in  Virginia,  West  Vlrginii,  sail 
the  moaiitaiDB  of  East  Kentucky.    ISOT,  Mapping  Northern  New  York. 

Barbatt,  EiHiAR  Grant,  C.E.,  ,        .        .        .    1884. 

1022  The  Rookery,  Chicago,  III. 
1884-1888,  Engineer  tor  The  Exhanst  VentllalOT  Co.    1888  to  date,  PrtmJent  awl 
Proprietor  ofThe  Eihanst  Ventilator  Co.    1891  to  date,  President  and  General  Msn- 
agerof  tho  Variety  Maimfactarisig  Co.    Fill  the  above  positions  at  present  and  am 
roiieultiug  Ventilating  and  Heating  Engineer. 

Babtlett,  FitANk  Rot/r,  C.E.,        .  .        .    188H. 

Care  R.  &  D.  R.R.,  P.  0.  Boi  U,  GreenHboro,  N.  C. 
1888  to  'dale,  Asaistaiit  Engineer  Maintenance  of  Way  on  Atlanta  and  ChsrkKtF 
Division  of  Bicbmond  and  Danville  Railroad.     From  May,  1892.  todate,  SnperviKirof 
North-western  Nerth  Carolina  and  North  Carolina  Midlands  R-RoadsfNorthCaraliiii 
Division  of  Bichmond  and  Danville  Rail  Roads). 
Barus,  Caul,  Ph.D.  (ARsociate), 1877. 

Nationat  Iklnsenm,  Wosliington,  D.  C. 
Baxter,  George  SrHUNO,  A.B,,E.M.,    ....    1868. 

IT  Brond  Sti«et.  New  York  City. 

1879-1879,  Civil  and  Mining  Engineer.  1880,  Cashier  H.  P.  R.R.  1890,  Tnxnnrr 
N.  P.  B.R. 

Beard,  .Tames  Thom,  E.M:.,C.E 1877. 

Address  nnknown. 

1870-80,  Assistant  Engineer,  i^t  Biver  Bridge. 

Beekg,  Alfred  L.,  Ph.B., 1880. 

21  W.  iFifty-second  Street,  New  York  City, 
I880-18HT.  Inclnsive,  PHvate  Assistant  to  Prof.  Bicketts,  School  of  Mines.  Ntt 
York,  in  guni-ral  analytical  work,  especially  Mineral  Analyvea.  Also  AsalalanI  i* 
Assaying  and  Fellow  in  Cliomistry,  1881-1887,  Inolusive.  1886  to  date,  indnsive. 
Assistant  Clieinist,  New  York  Health  Department,  42  Bleecker  Street,  N,  Y.  Qly, 
Behrman,  Georue  William,  C,E.,         ....    1893. 

201  RoBfl  Street,  Brooklyn,  N.  Y. 
Bellinger,  IIiram  Pauldinq,  C.E.,       ....    1887. 

Solvay  Process  Company,  Syracuse,  J(.  Y. 
Bemis,  Frederick  Pomeroy,  A.B.,  E.M.,       .        .        .    1885. 

im  West  3d  St.,  Davenport  Iowa. 
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Benedict,  William  de  Liebselike,  E.M.,  1874. 

Welles  BId'g.  No.  18  Broadway,  Room8  617  and  618,  New  York  City. 
Benjamin,  Frank  Parkinson,  E.M.,    ....     LiiiiO. 

Broker,  44  New  Street,  New  York  City. 
Benjamin,  Marccs,  Ph.B.,A.M.  (Lafayette  1888)  (LifeMbr.)1878. 

Ph.D.  (Univ.  Nashville,  1889),  Editor,  D.  AppletonA  Co.,  No.  1  Bond 
Street  and  640  Madisor  Avenue,  New  York  City. 
ia7S-lBB2,  with  E.  B.  Benjamin,  dealer  id  Chemical  Ajiparstaa.  1862,  Editor  Atneri- 
een  FhanKaeM.  1H83,  Editor  Weftly  Drvg  Hera.  May.  1R83,  to  June,  1865,  Oiemist,  U.S. 
Laboratory,  New  York.  1SB5,  Sanitary  Engineer.  N.  Y.  Board  of  Health.  IStiS-SS. 
Editorial  Slaff.  Appleton's  Csclopudia  af  Amrrican  Btogrttphg.  1890,  Editorial  Staff,  En- 
ginetring  and  JUining  Jaaival,  chiefly  eitgaffed  in  editing  and  preparing  Cor  the  prens, 
George  F.  Kunz's  Genu  and  Prtriotu  Slona  of  Xvtih  Amerira.  I891-W3,  Editor  of  Gen- 
tral  Guide  Id  At  Vvited  States,  Ilandboolc  u/  Winter  Betorl),  and  Handbook  of  Summti-  Re- 
terU,  pablislTcd  by  D,  Appleton  &  Co.  Editorial  8(aff  la  charge  of  UiemlEtry, 
Standard  Dictionary,  1891-93.  During  1884-86,  Lecturer  an  iCbeiuistry  at  New 
York  WonieD'a  Medical  College  And  Hoapital  for  Women.  At  various  times  on 
e<litorial  attffs;  of  Ikienlific  Aaeriean,  lfi>a-SB;  hidepeiidetit  Oil  Janmal,  1886,  and  on 
technical  Enbjects  in  New  York  Daily  Naa.  1R8B  to  date.  New  York  .Star,  16!J0-»1 
and  Fluinaaceutical  Record,  1891,  also  of  Appletan'a  ^nniuil  Cydopadia  since  188:<. 
Other  work  includes  tianstalion  ol  Bcrthelot'a  lavtures  an  "Explosive  Materials" 
(New  York.  1883),  aatborshipof  Z>ru]ip<it'i  CJr«t4Ja>-,  .Prize  Esuy  .on  "  Diainfectanls." 
BDthor«hip  of  chapters  on  "Mineral.raiuta"  in  Mmeral  Bttomce*  i^  the  United  fHiitei, 
for  years  1884-86,  and  ooni.piUtrion  of  a  book  of  Poems,  entitled  Jfaji  rfsie  (New  York, 
1889),  and  aathoiablp  of  chapter  on  "Tbomaa  Dongau  and  the  Oratitiugof  the  New 
York  Charter."  1682-1388,  and  "The  Devektpmenl  ofScience  in  Jiew  York  City,"  in 
ne  Memorial  Uiriory  of  the  City  nf  New  Yarlc,  1692.  Contributor  to  Seirnlifie  Ameriean 
and  Supplement,  Tkt  Chalanquan.  JIarpei'i  Wethty,  Pegmlar  Seieaet.Monthls.  The  Comiopol- 
ilat,  etc.  Life  fellow  of  the  Londoafhemical  Society,,  and  of  the  American  Associa- 
tion  for  the  Advancement  of  Scieitce,  and  member  of  other  Scientific  Societies  in  lliis 
coantry  and  abroad. 

Bebry,  Wilton  Guernsey,  Ph.B.,         ...  1886. 

42  Bleecker  Street,  New  York  City. 
1886-1889,  Universities  «r  Berlin  and  Heidelberg  and  General  Cliem leal  Besearch. 
1889  to  date,  Asaiatant  Chemist,  New  York  Jlealth  Department. 

Berry,  Geohoe,  C,E., 1888. 

78  Morton  Street,  Bveoklyn,  N.  Y. 
BiEN,  Joseph  Rudolph,  E.M., 1887. 

140  Sixth  Avenue  and  321  WestPiftyrseventh  Street,  Jfew  York  City. 
ie(f7-88.  Topographer,  D.  S.  Geological  Survey,  Survey  of  Oeyser  Hasina,  Yellow- 
stone Nat.  Park.  1888-90,  Practice-Bs  Civil  and  Mining  Engineer,  firm  of  Vennenle 
A  Bien.  Now  York  City.  189I>t91,  Practice  as  Civil  and  Tupogniphirat  Engineer 
alone.  New  York  City.  At  present,  Secretary  Julius  Bien  A  Co., -Lithographers,  Eii> 
gravers  and  Geographical  Puhlishera. 

Black,  Alexander  Leslie,  E.M.,         .....     1890. 
Madeleine  Mine.  Ward,  Boulder  County,  Colondo,  and  961  Carondelet 

Sireet,  New  Orleans,  lia. 

1890-91,  Traveling.  1891-92,  AasisUnt  In  MinlDg.expert  work  in  Montana  and 
Mexico.  Since  November,  189S,  Aaeistaut .  Superintendent  Madeleine  Couaolidated 
Mining  and  Milling  Company. 
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Blake,  Edw!!.-Mortimeb,  E.M.,  Ph.D.  (1893),      .        .    1890. 
Fellow  in  Mftthenatics,  Columbia  College,  New  York  City,  tttd  'ISu 
Waaliington  Avenue,  Brooklyn,  N.  Y- 

Blossom,  FRANcre,  C.E., 1891. 

Westinghouse,  Chuich,  Kerr  &  Co.,  IT  CbnLtndt  Street,  N.  Y.  Cil.r, 
and  440  Hetiiy  St.,  Brooklyn,  N.  Y. 
I89t-93,  EnKiaecr  C.  W.  Hdut  Co.      18K,  Aasifltank  ^igineei  Eqmil;  Gm  Wnb 
ConBCrnction  CoiopaBy.    1H93,  as  Bbove. 

BliYdenbdboh,  Chakles  Edward,  A.B.,  A.M.,  E.M.,    .    1878, 

Miniiig  Expect  and  Proepector,  Box  189,  BawUngs,  Wyomiog. 
BoDELsEN,  Oscar,  E.M., 1881. 

CoMBolidated  Gas  Co.,  iUI  Bvoadwajr,  and  809  W.  One  Hundred  and 
Twenty-seveiith  Stieet,  New  York  City. 
BtECKLiN,  Werner,  Jr.,  C.E 1891. 

228  West  Thiny-eighth  Street,  New  York  City. 
Book,  Dwight  Daka,C.E,,  E.E.(1892) 1890. 

ISftWaskington  FRik,  Brooklyn,  N.  Y. 
Booasif,  Robert  Elmer,  M.E.  (Life  Member),       .        .    1878. 

34  West  mil  St.,  New  York  Cily. 
1ST9,  Aanyer.  general  work  in  LewlTille,  Colonido,  1SSD-S7.  Assistant  Baperin- 
teiident,  afUrwurd  Uanager,  Evening  Star  Uiulng  Co.,  Homing  Star  CoDwlidaCtd 
Hininit  Co.  and  others  at  Leadville,  Colonda,  Lead-silver  Uines.  Also  In  cliargr 
Farwell  Con.  M.  Cb,,  Gold  Hines  at  Independence,  Colorado.  1887-90,  Oeoenl  Hsn- 
agcr  Blue  Binl  Uining  Co.,  Ltd.,  Botte,  Kontsna,  Operating  gO-Stump  Hill.  I>t? 
Crashing,  ClilorldlBlng,  Amalganiatiug  Proecas.  ISRl,  General  Consulting  KlninK 
Engineer  and  Cnii»uJting  Director  In  Oold,  Sliver,  and  Lead-Mining  Co<npaDi»,or 
which  a  Apeclaltr  la  made.  Also  Mine  Operatoc  and  Ownet,  Silver  Minetit  A3pe». 
(^loradn. 

Boyd,  Richahd  Charles,  Pii.B.,  A.M.  (1&92),        .        .    1891. 

50  Chaile»St.,  New  York  Ci»y. 
Bradley,  Stephev  Rowe,  Jr.,  Ph.B.,    ....    1890. 

45  Broiidway,  Sew  York  Cily,  and  Nyack,  N.  Y. 
Jnl7, 1881  (n.daie,  Secretary  and  Treasnrer  Union  Electrft  Co. 

Braschi,  Victor  Manukl,  Ph.B.,  E.M.,  C.E.,  .  .  18:<I. 
Apartado  830,  City  of  Mexico,  Mejt. 
June,  1884,  to  October..  Uteu,  Inspeetar  of  New  York  Tenement  House  Cnmnis;io<i 
October,  ISBl,  ta  May,  LS85,  Iiiterpieter  and  Sec'y  to  Gov.  Chilian  Commlnliwet  *■> 
Visit  and  Report  on  Ameaicaii  Mining  and  Smelting.  Ha.v.  1865,  to  October,  l^'<- 
Employed  by  Rcnd-Bock  Ponder  Co.  ia  Flood  Rock  Eiplosiun  Work.  Oclobrr.  lAtvL 
to  January,  18Hg.  .^fisiBtaut  ConsulCing  Eagineer  and  In  Charge  Foreign  BuBiiie«. 
Band  Hill  Co.  Jannary,  February,  March,  1S8S,  Beporting  on  Hln^  in  Heiioi  fm 
above  Co.,  a:id  for  one  year  past  engaged  in  iiitrodnciiig  Ruiid  Buck  Urilli'iX 
Machinery  in  Meiican  Mines.     Mesico,  April  2,  1881. 

Brerltox,  Thomas  J.,  A.B.,  1879,  C.E,  .         .         .    1881 

Kngiiieer  CinQberland  Valley  Kailway,  Cliambenburg,  Pa. 

1879.  Rodman  on  Lwntion  of  RedMonc  Br.  P.  K.  R.    1B80  and  1881  (Snminns)  w 

New  York  Stute  Oeodetiu  Survey  of  Adirondncks.    I8S3-8S,  Leveller  P.  R.  B.  Clnr- 

flcld  Co.  Snrvrya  and  Constriictiun.    Un  Corps  of  Engr.  H.  of  W.  P.  R.  R.    1«*M». 
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Auistant  Supervisor,  P.  B.  O.   1890-92,  Sapervisor  Tyraae  Div.,  P.  R.  R.      1893,  En- 

fi'mm  Cnmberlaud  Vallur  lUiliray. 

Brewster,  Henry  Draper  (Associate),  ....     1883. 

AdJrefv  unknown. 
Britton,  Nathaniel  Lord,  E.M.,  Ph  D 1879. 

Ciiluiiibm  Collefte,  ScTiool  of  Mines,  New  York  City. 
AsdisUnt  of  Qea1ai!7,  School  of  Mines.  1879-1887,  Iiistrncter  in  Botany,  Columbia 
ColleKC  18ST-1890.  Ailjnuct  Profeasor  of  BoUiif,  CbUiiiibia  Callege,  1890-1891. 
Awiiitant,  G^olofrical  Survey  of  New  Jereey,  1880-18R7.  Botanist,  Genloglcal  Purvey 
"t  New  Jersey,  1681-1860.  Field  AsaixUnt,  V.  B.  Geological  Sarvi>y,  1882.  Profesaor 
ofBotuiy,  1891.  Specialty— Systeniatie  Botany, 
Brosnan,  Francis  Xavier,  C.E 1891. 

146  W.  Sevetity-fourtli  Street,  New  YoA  City. 
Brown,  Francis  G.,  E.M.. 1867. 

Merchant,  15  Whiteliall  Street  and  492  Lexington  Avenue,  N.  Y.  City. 
BiiowNiNO,  John  H.  Brower,  M.D.  (Associate),      .  1880. 

120  E.  Thirty-foiirt.li  Street,  New  York  City. 
Coilegeof  Physicians  and  SaDteonsofCity  of  New  York,  In  year  1882.  Afterwards 
Affiirtant  Physician,  New  York  City  Insane  Asylnm,  Warff's  Wand,  1882-83.  Honsa 
Pliytieian  and  Surgeon  to  St.  Francis  Hospital,  1B63-S5.  At  date,  Member  County 
Medical  Society  of  Now  York,  Member  Pliyalcians'  Mutual  Aid  Association,  Fellow 
American  OeoKraphicsl  Society,  and  AsHirtairt  to  Chair  In  Snritery,  New  York  Poly- 
clinic, Medical  Examiner  for  Presbyterian  Board  dt  FQreigH  Misaioui,  Oenenil  Prac- 
titioner of  Uedicloe  md  SorRery. 

Bbuoman,  William  Frederic,  Ph.B.,   ....     1880. 

One  Hundred  and  Purty^fourtli  Street  and  Soutliem  Boulevard,  N«w 
York  City,  and  IjOS  Angeles,  Cal. 
Brtce,  William,  Jr.,  Ph.B., 1884. 

40  W.  Fifty-fonrth  Street,  New  York  City. 
Buckley,  Charles  Ramsay,  A.B.,  A.M.,  E.M.,  .     1877. 

29  Broadway,  New  York  City. 
Bdllman,  Charles,  Ph.B. 1883. 

Mining  Engineer,   Engiwuermi}  and  Mining  .Jaurnal,  27  Park   Flaw, 
New  York:  City,  and  Plainfield,  N.  J. 

1883.  Tutor  In  Stolchlonietry,  Cliemist  Putnam  Company  Cheinic»l  Works.  1884- 
li^VSe,  Venesuela;  phosphates,  copper,  sniphtir.  1887.  French  Guiana;  p1ia«pliates, 
l!«K,  1889-90,  North  Cbrolina.  Qoorgla,  Colombia,  S.  A.  (2);  jrold  and  platinum.  1891, 
Sandwich  Islanda;  phoaphates.  Califoruia  (3) ;  goM  and  irrigation.  189-2.  New 
Jersey;  copper  and  graphite.  18Si-93,  EAitorM  StaS  Eaginetring  and  Miiting  Jenr- 
luit;  also  Translator  and  Editor  of  Mining  Laat  of  the  SrpMie  of  Celomtia,  and  Author 
of  Pfufjiaii  and  Snalfc  America  in  "  Tiie  Mineral  Industry." 

Bdrdek,  Henry,  2d.,  A.B.,  Ph.B .        .     1892. 

Cazenovia,  N.  Y. 
Bdrks,  Abraham  Lincoln,  E.M., 1887. 

3  Worth  Street,  New  York  City,  and  297  Halsey  Street,  Brooklyn,  N.  Y. 
Since  November,  1887,  with  Messrs.  Jabcz  Bums  &  Sana  (Millwrights  aod  Macliiii- 
i^  and  MauaGicturerB  of  Patented  Machiues  for  Treating  Coffee  and  Spices).  Since 
July.  Itno,  in  above  Arm.    Professional  work  has  beeu  general  shop  druughting  and 
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ninchine  deiigiii.  Aiid  arraugdig  lUAcliiiiM  aud  power  transiaissiau  in  oaffes  emiblUh- 

BuRVB,  ElwkrZ,  E.M., .        I 1887. 

Niiif-arn  Falls,  N.  Y. 

18S7-BS.  Engineer  and  Cheoilgt  for  The  Ptttobargh  Bud  I^ka  Angelina  Iron  Co. 
lr<ng-9D.  AMistAiit  Enectrickii  for  th«  United  StaCw  Electric  U^ht  Comiuny.  1S80- 
1891.  Awislant  Eiectrielin  for  the  Mather  Electric  Cam  pany.  1891-93.  aty  Engineer 
of  Niujcara  Falls,  and  OinBirlting  Engineer  for  the  Lewiaton  and  Younjtstown  R.  B. 
tympany,  tin  the  North  Tonawanda  nr«et  Rail  Road  CbiKpanj,  and  for  the  NiagHn 
Falls  and  Suspension  Bridge  Kiiil  Road  Company. 

ButtRirr,  WiLMor  Woudward,  Ph.B.,     ....     1884. 

Chemist,  Enplewood,  N.  J. 
Bush,  Edward  Rbnsmaw,  E.M.,    .        .        .        .      -.  -1381. 

Mining  Kiigiiieer,  with  Ricketts  &  Baiil[§,  ItH  JotinStreet,  N.  Y.  City. 
Butler,  Nathasisx,  E.M., ■  1880. 

51  Cedar  Street,  Room  8,  New  York  Citv,  and  ffleii  Ridge,  Blooa- 
field,  Essex  Co..  N.J. 

18S0-188S,  V.  S.  Harbor  Improvement  and  Ruilroad  Engineering.  1882-1888.  Sur- 
veyor for  Barlow'B  lusurance  Sorvoys.  1888-1691,  SuperiateodeDt  of  Barlow's  Insnr- 
aiice  Surveya. 

Bdtleb,  William  Curtis,  M.E. 1887. 

Kverett,  Washington. 
lR8T-iaa»,  Amyer.  £1  Paso  Srcettiug  Co..  Q  Paiui,  Texas.  ia»f-lSUO.  Chemist, 
arternard  Assistant  Superintendent,  Arkansas  Valley  Smelting  Co.,  Leadville,  Colo- 
liWO,  Cheinist,  now  Assistant  Mnnagor,  Aurora  Iron  Mining  Co.,  Supprior  Mining  Co.. 
Couiet  Mining  Co.,  Palone  Iron  Mining  Cb,,  P'eiiokeB  and  Qngeliic  Development  Co, 
lOpHratingColhyaudTilden  Mines).  Also  In  charge  Irouwood  Electric  Co.,  Qogebic 
Ele4;tTic  Co.  169-^,  Superintendent  Monte  Cristo  Mining  Co..  Seattle,  Washington. 
BuTLEit,  WtLLARD  Parseb,  E.M.,  LL.B.  (Life  Member),     1878. 

Cunnsellor  at  Law  &nd  Sidicitor  of  P.itentA,  59  Wall  Street,  New  Yurk 
City. 

0. 

Calma.v,  Albert,  Pa.B.,  Ph.D., 1882. 

3.V2  W.  Fifty-sixth  Street,  New  York  City. 
Canfield,  Auoustds  Cass,  E.M.,    . 

27  Fifth  Avenue,  New  York  City. 
Cakpield,  Fkedbrick  a.,  A.B.,  A.M.,  E.M., 

Mining  Engineer,  Dover,  N,  J. 
Carson,  James  Pettiorew,  E.M.,  . 

147  West  Forty-second  Street,  New  York  City. 
Casamajob,  George  H.,  C.E.,. 

312  Greene  Avenue,  Brooklyn,  N.  Y. 
Casey,  Edward  Pbarce,  C.E..  Pu.B.,  (1888),  .     1886. 

Architect,    171  Broadway    and  The    Alpine,    55  West  TUirty-third 
Street,  New  York  City. 
With   McKim,   Mead  &.  White,  architects,  Mew  York  City,  until  January,  1990. 


ovGoo'^lc 


Abmid.  ftnd  Stu<lent  in  L'Ecole  Natlniial  dei  B«aux  Arts.  PHrlB.IVam  Febmsry,  IfM- 
until  3«p(amb«r,  18B3.  Five  mentions  in  Architecture,  and  a  uedal  in  Modeling. 
At  preMnt  Arcliitect,  171  Broadway,  New  York  City. 

Cauldwell,  John  BBrTTo.v,  C.E., 1877. 

Uentury  Club,  7  West  Forty-ttiird  Strtet,  New  Yurk  City. 
•^'hannino,  JiiHs  Pabke,  E.M 1883. 

Box  2T,  Iron  Mountain,  Mioliifinn. 
IHSS,  Chemist  Hadson  River  O.  and  I.  Co.  1881.  with  S.  E.  Cleaves  A  Son.  Mann- 
fitcturera  ot  Miumx  Machinery.  Houehton,  Uich.  18?t-ieSJ.  AMiiCnnt  Hkn^ing 
EiinliieerTunian^k  Mi.ue,  Ciluntet,  Uich.,  Dep.  Com m.  Mineral  Statistioi,  Miehijtan. 
1885-t88«l,  Superintendeat  Uondurai  Land  and  Navifcation  Co.  1836-1337,  Biplor- 
iiiK  for  iron  DQ  the  Oogubic  Ktnge.  and  Managing  EnKineer  for  Uilffauheu  L.  S.  and 
WeBtecn  Bailwsy.SkiparlnteiideUt  Iron  Bolt  Mine.  1897-1390,  Inspector  of  Mines,  Go- 
gebic Co.,  Mich.  ISSO  to  dute,  8  jperiatendBiitE  >?t  !4ow  York  Iron  Co..  Ishpemiiin,  Mich. 

Chazal,  Pmilip  EuwAHD,  A.B.,  E.M.,  ....  J  881. 
68  Meeting  Street,  Chwleston,  S.  C. 
1S81-1863,  PcospDctliig  Id  !<orthweat  Oeargia.  1883-1889,  State  Chemist  of  South 
Otrolina.  1889  to  present.  Partner  in  Shepard  Laboratory,  specialties  Phosphate  and 
Fertilizer  Analysis  and  Eiaminatiou  and  reporting  on  Phosphate  lauds  (iu  Soutli 
Carolina  and  Florida). 

Chester,  Albert  Huntingdon,  A.M.,  E.M.,8a0.,  Ph.D,  1868. 
Professor  oF  Oenenil  And  Applied  Chemistry,  Rutgers  College,  and 
64  College  Avenue,  New  Brunswick,  N.  J. 

ProfeaMr  of  Chemistry  at  Haoiilton  Collega  from  1870  and  Mineralogy  from  1878 
to  1891.  Conducted  the  Analytical  Laboratory  there  from  1S71.  Chemist  New  York 
State  Board  of  Health,  18^2.  Examined  and  rEpirted  on  mines  of  iron,  gold,  silver, 
lead  and  sine  in  Michigan,  Maine,  Outario,  Arkansas,  Colorado,  UUh,  Nevada,  Cali- 
fornia, and  Novs  Scotia.  Analytical  work  bos  been  largely  in  two  lines,  viz.,  for 
iron-blast  furnaces  and  of  paints  and  Tarnislies.  Field  work  has  been,  a  great  part 
of  it,  in  the  Iron  mines  of  MinuesotA  and  the  gold  mines  uf  Colorado. 

Church,  Elihu  Dwight,  Jb.,  E.M.,       ....     1887. 
Church  &  Co.,  36  Ash  Street,  and  IU7  Milton  Street,  Bnxiklyn,  N.  Y. 

1897-1888,  Fellow  Qualitative  Analysis,  School  of  Mines.  18^-1889,  AssisUnt  Su- 
perintendent of  Lead  Mine  and  Concentrating  Works.  1839-1891,  with  Church  &  Co., 
iu  obargeof  Bxperimental  plant 

Church,  John  Adams,  A.M.,  E.M.,  Ph.D.,      .  .     1H67. 

Room  64,  40  WiJl  St. ,  New  York  City.     Cable  aildreea,  Sootist,  N.  Y. 

Clabe,  DiEQO  LnsiBiLLO,  C.E., 18D0. 

Cardenas,  Cuba. 

Clark,  Edmund  (Aaaociate), 1892. 

George  and  Main  Streets,  Braddock,  Pa.     Assistant  Clieiuist,  Home- 
stead Steel  Works,  Munhall,  Pa. 

CtARK,  Edwin  Perby,  E.M., 18<0. 

Title  Guarantee  and  Trust  Co.,  26  Court  Street,  and  425  Fillh  Street, 
Brooklyn,  N.  Y, 
1880-1883,  Engineer  and  Surveyor  for  Silver-Lead  Combination,  and  Robert  E.  Lee 
Mining  oompsniea,  Leadville,  Colo.    1883  1884,  Medical  student.    1834  todato.  Assist- 
ant Superintendent  and  afterwards  8n  peri  u  ten  dent  Title  Qnarantee  and  Trust  Com- 
pany, B5  Liberty  Street,  New  York,  and  ^  Court  Street,  Brooklyn.    In  charge  of 
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coiiatrnrtlon  ana  mkltiton&nce  of  localitf-lndeiw  of  B«il  Estate  Btearda  of  Xcw 
York,  Kings  aud  Waetehester  ooDDtiee,  K.  Y. 

Clark,  Fbakklin  Sinclair,  E.M.,  Pti.D.,     .        ,        .    1885. 
Carolina  Oil  and  Creoeotd  Co.,  Wilmiugton,  N.  C,  and  527  MadisoD 
Arenue,  New  York  City. 

ISSJ-ieST,  CbemlBt  M  Fanioline  Chemieal  Co.,  Cliarleston,  S.  C.  1S87  to  dste.  Pro. 
prletor  of  SoutheTQ  Chemical  Wotkg  and  eonanltliig  chemiHt  for  the  Carolimi  Oil  »iid 
(Creosote  Co.,  Wilmington,  S.C  Specialty,  DiBtiltatlon  of  Wood  aud  reflniug  pndncti 
and  creoaotiiiK  wood. 

Clark,  GkOROE  Hallett,  C.E.,       .'....    1893 

59  E.  Sisty -seventh  Street,  New  York  City. 
Colby,  Albebt  Ladd,  Ph.B. 1881, 

Betlilehetn  Iron  Co.,  South  Bethlohem,  Pa. 
1B81-1883,  Anintant  to  Prof.  CF.  Chandler  on  New  York  8tat«  Board  of  Health  Bu- 
reau of  Chemical  AiialyEtfi.  18S3-I686,  InsCructor  in  Qaantitative  aoalysiaand  Chem- 
ical PhiloMphf  in  the  Lehigh  University,  South  Bethlehem,  Pa.  1886-93;  E«ad 
Cbemiat  of  the  Bethlehem  Ir,in  Co.  1893  to  date,  Metallurgical  Engineer  lame  Com- 
pany, South  BeClileheni,  Pa.    Speciatty,  Melallarfcy  of  Iron  and  Steol. 

Colby,  Charles  Kdwards,  E.M.,  C.E., ....    1877. 
Adj.  Professor  Organic  Chemistry,  Columbia  College  Bcliool  of  Min», 
New  York  City. 
Cole,  Habuld  Morris,  E.M.,  C.E.,         ....    1887. 
Care  of  Helena  &  Livingston  S.  &  II.  Co.,  Widies,  Montana. 

Colt,  Stocktos  Beekmax,  Ph.B •  .    1888. 

33  B.  Seirenteentli  Street,  nnd  29  E.  Twenty-eighth  Street.  New  Yuik 
City. 
1B88-1891.  in  office  of  Q.  P.  Poit,  architect,  aa  above. 

CoLToN,  Charles  Adahs,  E.M., 1873. 

2!  W.  Piirk  Street,  and  57  Broad  Street,  Newark,  N.  J. 
1873-1832,  Asaistunt  in  Mineralogy,  School  of  Mines.  Colniabia  College,  New  York. 
18S2-18^  Frofeaaor  of  Chemistry  aud  Mineialogy,  Rose  Polytechnic  Institute,  Terre 
Haute,  Indiana.    18S1  to  date,  Director  and  Instructor  in  ChemiBtry  and  Phfiica, 
Newark  Technical  School, 

CuNANT,  He.vby  Du.s-sing,  E.M. 1886. 

p.  O.  Box  16,  Mount  Vernon,  N.  Y. 
ISSS-lSi^S,  AasMtant  Enginoer  Tamarauk  anil  ftweuia  Mines,  Lake  Superior,  and  H. 
and  C.  R.R,  ltiSS-l»«.  Assietaiit  Engineer  on  Preliminary  of  Northern  Michigan 
Railroad.  lS-<9,  Assiatant  in  Chief  Engineer's  OSce.  Buffalo  and  Oaneva  Bail- 
way.  lASU-91.  Assistant  aud  Resident  Engineer  Norfolk  and  Western  Railroad,  in 
charge  of  Preliminary  LocatioiT  and  Coustruction.  1891,  Engineer  Coebnru  I^ad  and 
Iniprovenieut  Co.    IH83,  AssistAQt  Engineer  N,  Y.,  N,  H.  &  H.  By. 

Co.voDo.v,  ERNEST  Arnold,  Ph.B.,  .        .        .        .        .    1887 
Drexel  Institute  Arts,  S>!^nce  and  Industry,  and  1409  Looast  Street, 
Philfidelphia,  Pa. 

1887-1)489,  CbemisttoaiampUiuEibreCa.,WillsborouKh,  New  York,  lB89.Stndinl 
At  the  Unlvenity  of  Berlin,  Snuncer  Semester.  1889  to  date.  lustructoriaQaBli- 
tative  Analysis  and  Awaying  at  the  l«high  University.  1891,  Professor  of  Chemiatry 
iu  the  Dreiel  Institute  of  Arts,  Suiei.ues  and  ludnatriea,  Philadelphia,  Pa. 
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CosNELLj  Hewlett  Ratston,  C.  E.,      .        .  .    1890. 

140  Pierrepont  Street,  Brooklyn,  N.  Y. 
Cooper,  William  HAMrLTO.v,  Ph.B.  (Life  Member),        .    1882. 

Address  unknown. 
Corcoran,  John  Thomas,  E.M.,  S.E.,     ....     1 

131  Smith  Street,  Brooklyn,  N.  Y. 
Cornell,  Georoe  Birdsall,  E.M,,  C.E.,        .  ,     1877. 

29  Broadwny  and  46  West  Forty-eijihth  Street,  New  York  City. 
Anintant  Euj;ineor  Hanliattan  Cfevated  Bailivky.  Entiineer  for  CoDtracton  for 
iitrurture  MAiihntUD  Elev.  By.  AKRiBtant  Eniiineer  Brooklyn  E1«v.  By.  AnUtant 
Enjiineer  New  York,  Chicaito  and  8t.  Loais  B.  R.  Principal  Assist.  EnKineer  Boch- 
mter  and  PittAhiirgh  By.  Inspector  Ktid  Engineer  Brldxe  Dept.  N.  T.,  West  Bhoreand 
,  Buffalo  By.  Principal  Assist.  EnBineer  Brooklyn  Elevated  Ry.  Chief  Engr.  E 
lyn  EleT.  By,  Chief  Etiftr.  Union  Elevated  By.  of  Brooklyn.  Chief  Enfi.  Chicago  and 
8cnth-»id8  Elev.  Ey.  Chief  Engr.  J.  B.  A  J.  M.  Cornell  Iron  Works.  At  present  Clilef 
Engineer  E^aat  Biver  Bridge  Company. 

Cornwall,  Henhy  Bedinger,  A.B.,  A.M.,  E.M.,Ph.D.,    1867. 

ProFeasor  Analytical  Chemistry  and  Mineralogy,  College  of  New  Jer- 
sey, Princeton,  N.  J. 
Cornwall,  Harry  Clay,  E.M., 1879. 

Co  III  ID  on  wealth  InBurance  Co.,  Nassau  Street,  New  York  City. 
Cox,  jENNINQSiSrOCKTON,  .Tr.,  Met.  E.vq.,         .  .  .      1887. 

Montfi  CriBto,  Washington,  and  76  W.  Siity-eighth  St.,  N.  Y.  City. 
1887.  Oo  Tern  men  t  Survey  forCanal  between  Harlem  and  Hndion  RWer.  1888-1889, 
Homeetead  Steel  Works,  Dranftlitsman  and  afterward  Aniatant  Master  Hechanic. 
1890,  Inspected  coiistnicti on  of  Steamer  "Sezursnla"  and  "  Vigiinncia"  for  the  U,  S. 
and  B,  H.  8.  S.  Co.,  at  Boach's  Sblpyard,  Chester,  Pa.  1891,  Reporter  for  same  Com- 
pany on  EnglneeHnK  matters  along  the  Brazil  coast  1892,  will)  same  company  in 
New  York.  18B2.  Asslst't  9uperinl«ticIuQt  Aurora  Iron-Hining  Company,  Ironwood, 
Hiclilgan.  1893,  Assist.  Supt.  Monte  Cristo  Miniag  Co.,  Pride  of  the  Mountain  Mining 
Co.,  Bainy  Mining  Co..  and  United  Concentration  Company. 

Cramer,  Stewart  W.,  E.M,  {Associrtte), .  .    1889. 

United  States  Assay  Office,  Charlotte,  N.  C. 

Ondiinte  of  United  States  Navai  Aiaidemy,  RedLgned  from  United  States  N»Ty  Sep- 
tember, IBSe.  Ondnate  atadent  at  School  of  Mines,  1883-1B89.  July  1.  1889  to  date, 
.issayer  in  charge  of  the  United  States  Assay  Office,  Charlotte,  N.  C.  1890,  Special 
Agent  or  Census  OEBce  for  collection  of  stalistics  on  Gold  and  Silver  mines  of  South. 
'  Special  correspondent  of  EnginetHHH  and  Mining  Jonriuil  in  Southern  States.  Ooa- 
sioDBlty  report  on  gold  and  silver  mines  of  Southern  States.  Specialty,  CoDSDlting 
Engineer  on  gold  and  silver  mining  in  Southern  States. 

Crocker,  Francis  Bacon,  E.M., 1882. 

ProPesanr  Electrical  Engineering,  Culumbia  College  School  of  Mines, 
and  51  W.  Twenty-fii-st  Street,  New  York  City. 

1882-1886,  Electrical  Engineer  and  Inventor.  t88ri-1887,  Vice-President  and  Elec- 
trician of  "C.  and  C."  Electric  Motor  Co.  1887-188!),  Vice-President  and  Electrician 
Cmcker-Wheeler  Electric  Motor  Co.  1889-1^  Instructor  In  Electrical  Engineering, 
School  of  Mines,  Columbia  College.    1893,  Adj.  Professor.    1893.  Professor. 
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CROffELL,  Charles  Bukton,  Ph.B ,    1885. 

Box  664.  Colorado  Springs,  Colo.  * 

CtTSHMAN,  Alexander  Ramray,  Ph.B.,  Ph.D.,       .        .    1878. 

ABsiatatit  Aiiiilytioiil  Clieniiatty,  Coliimbia  College  School  of  Mines, 
and  128  E.  Sixlocnlh  Street,  New  York  City. 

1876-1880,  Poet  Graduate  study  at  the  Soliool  of  Mines,  fcrdeKreeof  Ph.D.  1«0- 
ISSi,  in  Colorado,  visitlog  mines  and  smelters.  1382--I8S3,  EnKaRad  In  pamiiiR 
chemical  Uadiea and  lecturing  on  f^ology.  1890  to  date,  Assistant  Instrui-loT  iu  Qoali- 
t&tive  Laboratory  at  the  Suhool  at  Mines,  Columbia  College. 

D. 

Dabwin,  Harby  Gilbert,  C.E 1887. 

Room  18.  160  Broadway,  New  York  City,  and  Glen  Ridge,  N,  J. 

June,  188T  to  October,  1887,  Badman  and  Leveller  on  Ballroad  field  irorh  in  New  York 
State.  October,  1387  tn  May.  1S8S,  Drau^litsmaii  StronK  L'looiiiotive  Co.,  ^ew  York 
City.  August.  laSS  U>  date.  Assistant  Engineer  and  Acting  Superintendent  Safety 
Car  Heatinx  and  Lighting  Co.,  Kuw  York  City.  Eractiou  ef  special  gas  works,  and 
equipment  of  railroad  cars,  etc. 

Davis,  Charles  Henry,  C.E., 1887. 

120  Broadway,  Now  York  City,  308  Watuut  Street,  Pliiladetpliia,  and 
576  Lexington  Avenrie,  New  York  City. 

Eipert  course  and  Thomson- Houston  Electrii!  Co.,  Lynn,  Mass.,  sommer  1887. 
Agent,  Lawyer  Mann  Electric  Co.,  winter  1837-88.  Siipt,  selling  and  cnnstrucliim 
New  York  offlco  S.  H.  Elec.  Co.,  summer  and  winter  1883.  Axent  Westingbouse 
Electric  Company,  winter  1889.  Consulting  and  Supervising  Electrical  Euginet^r 
from  May,  18SB,  to  date. 

Davis,  John  \V(X)DBBrDOE,  C.E.,  Ph.D.,  ....    1878. 

Principal  Woodbridge  School.  645  Madison  Aveiiiie,  New  York  City. 
Deoho^e,  Joseph  Albert,  Ph.B.,  A.M.  (189*2),  Ph.D. 

(1893) 1890. 

College  Phys.  and  Surg.,  New  York  City,  and  247  Harrison  St.,  Brook- 
lyn, N.  Y. 
Delapield,  Augustus  Floyd,  PhJ).  (Associate),    .         .     1869. 
Univereity  Clob,  New  York  City. 

DeLuzk,  IjODts  Philippe,  C.E., 1879. 

DeLuM  &  Emniet-t,  New  Roohelle,  N.  Y. 
Devbheux,  Walieb  B  iurohier,  A.B.,  A.M.,  E.M.,         .    1878. 
tilenwood  Springs,  Colorado. 

DoiM)B,  Fbank  D&jpard,  Ph.B.,  Ph.D 1888. 

Dodge  &  Olcott,  137  Water  St.  and  111  Montague  StBrooklyn,  N.  Y. 
Prom  October.  1801,  to  date,  Chemist,  with  Dodge  &  OlcotI,  Diauabcturers  ol  e- 
sential  oils,  etc. 

1888-90,  Fellow  in  Chemistry,  .UsUtant  in  Organic  Laboratory,  School  of  Mioea. 
1890-91  (studying  in  Germany). 

DoDswoBTH,  Walter  Albert,  Ph.B,,     ....    1888. 
Pratt  &  Lambert,  47  John  Street,  Now  York  City,  and  263  Hent)' 
Sirefit,  Brooklyn,  N.  Y. 
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DoLAN,  Charles  Francis,  C.E.,     .        .        .        .        .     1892.* 

ln'Eaat  129th  Street,  New  York  City, 
DoNNELT,,  Harry  Ellingwood,  Ph.B. 1887. 

Architect,  R,  M.  Hunt,  38  Park  Row,  New  York  City. 
D.IUOI.AB,  John  Shbafe,  O.E., 1890. 

Union  Elect.  Company.  45  Broadway  and  Y2j  Irvinit  Place,  N.  Y.  City. 

1890,  Cniiise  Electrical  EiijtineerinR,  t^ilambia  College.    1891.  Crocker- Wheeler 

Electric  Motor  Company,  and  now  AaiistiiuC  Engiiieer  Western  Electric  Company  in 

LietitlDK  Department    1863,  Superia  ten  dent  of  Uaion  Elect.  Co.'s  Exhibit  at  World's 

Colnmbian  Eipositloo,  Chicaga. 

Douglass,  Edward  Morehouse,  C.E 1881. 

Topographer  U.  S.  GeoloRical  Survey,  Waahington,  D.  C, 
Dow,  Allan  Wade,  Ph.B.  (Life  Member),  .     1888. 

Cul.  College,  School  of  Mines,  and  83  West  Sevenly-Gret  Street,  New 
York  City. 
ieS8-S9,  Honorary  Fellow  Quant.  Laboratory.  School  of  Hiues.    1B89.  Chemist  at 
Tilly  Foster  Mine,  New  York.    1889-91,  Assistant  Chemist  of  The  Barber  Asphalt 
Paving  Co. 

DoWNES,  Stancliff  Bazen,  C.E 1882. 

Furdham  (opposite  Harlem  Railroad  station),  and  1071  Madison  Avenue, 
New  York  City. 

December,  1BB3.  to  April,  IB8r>,  Assii^taDt.  Office  Topographical  Eagineerlng  De- 
partment Public  Parks.  New  York  City.  April.  1S35,  to  Janaary,  1S81,  Assistant 
Engineering  Department  Public  Pirks.  April,  I B3S.  elected  Junior  Member  American 
Society  Civil  Eniiineers.  January,  1891,  to  date.  Civil  Euginoer,  Fordbani,  New  York 
City,  opposite  Harlem  Railroad  station. 

Downs,  William  Fletcher,  E.M.,         ....    1882. 
Joseph  Dixon  Crucible  Co.,  and  75  Fuirview  Avenue,  Jersey  City, 
N.J. 
With  the  Joseph  Diioii  Cmclhie  Co.  since  gradnatioa.    From  June,  1862,  to  Sep- 
tember, 18B2.  at  eiperinienlal  work.     From  September,   1882.  to  October,   1884,  ia 
charge  of  lubricating  department.    From  October,  1881,  to  present  time  Superinten- 
dent of  crucible  and  other  departments. 

Deessbb,  DanielLeRoy,  C.E., 1889. 

Merchant,  273  Church  St.,  New  York  City,  itnd  Flushing,  N.  Y. 
Drcmmond,  Isaac  Wyman,  E.M.,  Ph.D.,       .        .        .     1878. 

F.  W.  DeVoe  &  Co.,  William  and  Fulton  Streets,  New  York  City. 
Dofodrcq,  Edward  Leoncb,  M.E.,        ....     1892. 

846  Lexington  Avenue,  New  York  City. 
1892-93.  Assistant  Superintendent  Costa  Bica  Pacific  Oold  Mining  Company,  Pivnta 
Arenas,  Costa  Bica. 

DoMHAM,  Edward  Kellogg,  Ph.B.,       ....     1881. 

Carnegie  Laboratory,  338  East  Twentj-siith  Street,  New  York  City. 

Ddsenberry,  Walter  Lortok,  E.M.,    ....    1884. 

Park  Department  and  361  Pioduce  Exchange,  New  York  City. 

1884-67,  mlscellaueoos.    U.  S.  Coast  SarTcy.    Mining  in  Mexico  and   the  west. 

Survey  of  New  Parks,  Westchester  County,  etc.    1887-89,  Inspector  of  Masonry  and 
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Tmnslt-Qikn  on  ?Ie«r  Croton  Aqueduct.    1S89-91.  in  ch&rK«  of  party  *ud  Aubteut 
Engineer  of  Conitntctlon  DeturCment  of  Public  PHrlcB,  New  York  City. 

DuTCHEH,  Basil  II.,  Pe.B 1892. 

525  HftnhattftTi  Avenue,  Nen  York  City. 
DwioHT,  Arthur  Smith,  E.M. 188S. 

Snperintendent  Culoradu  Sueltiti);  Co.,  Puelilo,  Colorado. 

ISflS,  AsB(«t«iit  Atsftyar  at  works  uf  The  Ckilorailo  SmeltioK  Company,  Paeblo. 
Colorado.  ISai  to  1S8H.  AulstanC  Chemigt  atid  Cbemiit.  eiiwpt  aatunin  of  1886,  when 
examlDinft  and  repurting  on  lead  deposits  of  C<sur  d'Aleae  rajt'on.  Idaho  Territory, 
and  sprinv  of  16K),  when  acting  M  AniiiUiit  Snpt.  Madnnna  Mine,  Monarch,  Colo. 
18BB-90,  Hetal I u resist,  und  1S90  to  date,  General  Supt.  of  tbe  Colorado  Smelting  Co. 


EASTflfc,  Lasgdox  Chbvb^,  C.E., 3884. 

Fort  Hnrford,  San  Luis  Obispo  Co. ,  Csl. ,  and  344  South  Onnd  Avenue, 
Los  AngeloB,  Cnl. 
1885-88,  Engineer  Corpe,  Aqaodiiet  CommlBsion,  New  York  City.    1889,  City  Sur- 
veyor's Corps,  Lob  Angeles,  Cal.    188S  and  1891,  In  charge  of  harbor  improvements, 
Port  Harford,  Cal.,  under  direction  of  U.  S,  Corp*  of  Engineers. 

Eastwick,  George  Spencer,  C.E 1879, 

Manager  American  Siifrar  Refinery  Co.,  24  North  Peters  St.,  New  Or- 
leans. La.,  and  1425  Broadway,  New  Yprk  City. 
Eastwick,  Edward  Peers,  Jr.,  Ph.D.,  S.E.,  C.E.  (1892),    1889. 

Address  unknown. 
Ebehhardt  William  G.,  M.E., 1891. 

Richards  ville,  Culpepper  County,  Virginia;  450  W.  Twenty-second  St., 
New  York  City. 
Eddie,  Edward  Crittesden,  E.M.,       ....     1885. 

Colorado  Smelting  Co.,  Bo»  K,  Pueblo,  Colo. 
Edwards,  RicsARO  Mason,  E.M., 1886. 

Red  Jacket  and  Houghton,  Mich. 
18S6-S7,  seneral  anay  office  at  Houfthton,  Mich.    1S8S-8!),  ProfeMor  of  Mining, 
Michigan  Mining  Si^hool,  Hoaghton,    1890  to  date.  Mining  Eiiginoer  for  Tiimarack, 
Tamarack,  Jr.,  Osceola  and  Eeanarge  Mining  Co».,  L.  S,,  Mich. 

GiLER-s,  Karl  Emrich,  E.M .        ,     1889. 

National  Smelting  and  Refining  Conipanv,  South  Chicago,  HI.,  and 
1f>\  St.  Mark's  Avenue,  Brooklyn,  N.  Y. 
1889-91,  Btadeut  and  travelling  in  Europe. 

Elliott,  Arthur  Henry,  Ph.B,  Ph.D.,                .  1881. 

Professor  Chemistry,  College  of  Pharmacy,  Editor  Anlhony'i  Bulletin, 
591  Broadway,  New  York  City. 
Elliott,  William,  Pa  B 1880. 

-W  Wall  St.,  New  York  city. 

Emrich,  Anton  Frederick,  EM 1882. 

United  Smelting  and  Riifiiiiiig  Co.,  Smelter.  Moul- 
169'.!~84,  with  the  Tonibstonu  Milling  and  Miniag  Co.,  Cliarleeton,  Arizona.    1884- 
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Hti,  Assajer,  Cbemiat.  Mine  EngliiMr,  the  Colondo  Smelting  Co.,  Pueblo,  Colo.  188S- 
88,  Siiperliitendeat  tha  Mxiloiina  Miae,  Moanrcli,  Colo,  ProperCy  of  ttia  Colorado 
Sinelllng  Co.,  Paebto,  Colo.  IBSe-SS,  Mhiiiig  Engiiieur  actiug  as  Expert  Tor  the  Mou- 
taiia  Smelting  Co.,  of  (ireat  Falls,  Hout.,  in  HoutuDa,  Idabo,  Wnsbiiigtoii  and  British 
Colnuibia.  IBSO-OO,  Mining  Engineer.  Superiuteodent  of  Mines,  Ore  Bajrer  and 
Mine  Manager  for  tlia  Montana  SraeUing  Co.,  Orcat  Falls,  Mont.  1S90  to  present, 
Supe riiit«Ddent  and  MetatlnrgiBttbe  United  Smelting  and  Refining  Co.,  Smelter,  Mont. 

Engbi,,  Louw  Georue,  E.M,, 1880. 

Brooklyn  Sugar  Kefincrj,  and  238  Cleriuonl  Avenue,  Brooklyn  N.  ¥. 
Assistant  Engineer  Tilly  Foster  Iron  Mines,  DmugbtsmBn  and  Superintendent  of 
CoDstrucCion  Brooklyn  Sugar  Rellnery,  and  Engineer. 

Enoelhardt,  Eugenk  Nicholas,  E.M.,  .        .  1885. 

Selby,  Contra  Costa  Co.,  Cal. 

1886,  Assayer,  Cheniietand  Assistant  Superintendent  Pneblo  Smelting  and  Refining 
Co.  1887  and  1886.  Superintendent  of  the  same  compuny.  1SR9,  Assistant  Superin- 
tendent AnacondaSmeltiugCo.  PromtSMuiid  to  prMent time,  Aasiatunt Superinten- 
dent Selhy  Smelting  and  Lead  Co. 

P. 

Fahyp,  George  Ernest,  C.E., 1884. 

38  Maidon  Lane,  New  York  Cily,  and  2S5  DeKalb  Avenue,  Brooklyn, 
N.  Y. 

Treasurer,  Prentiss  Calendar  Time  Co. 

Falk,  David  Beauregard,  O.E., 1882. 

Savanna!),  Ga. 

Fears,  Percy  Le  Roy,  E.M., 1889. 

1326  Moiiadoock  BIdg.,  Chicago,  III. 
1889-90,  AsKiyer  and  Surveyor,  Trinidad  Mine,  Costa  Rica.    IBUO-BS,  SuperintoTid- 
ent,  Trinidad  Miue,  Costa  Rica.    1S92-93,  Consulting  Mining  Engineer  Illinois  Fluor 
Spar  and  Lead  Co. 

Ferousun,  William  Cushman  Augustine,  Ph.B.,  1887. 

Nichols  Chemical  Co. ,  Laurel  Hill  Chemical  Works,  Laurel  Hill,  N.  Y. , 
and  5  Spencer  Mace,  Brooklyn.  N.  Y. 

From  1887  to  1888,  Chemist,  Fulton  Sugar  Refinery.  From  1888  to  date  (1891;, 
Chemist  for  Nichols  Chemival  Co.,  Manufactnrere  of  Sulphuric,  Muriatic  and  Acetic 
Acids,  Alum,  Salt  Ckke,  Blsulphate  Soda,  Blue  Vitriol,  and  Smelters  of  Copper  Ore; 
also  Manu^turcn  of  Acid  Phosphate.  Work  :  Investigation  of  dilTereDt  questions 
affecting  above,  and  also  in  new  lines,  such  as  Sulphate  of  Alumina,  etc.  Also  ana- 
lytical work. 

Ferrer,  Caklos  Ferrer,  C.E., 1883. 

39  Broad  Street,  New  York  City. 

After  graduation,  for  a  few  weeks  oti  work  at  the  School  of  Mines.  Then  under 
Mr.  W.  E.  Worthen,  C.E.,  on  some  work  for  the  Water  ComniisBioners  of  the  State  ol 
New  Jersey.  From  March.  16S4,  to  January,  1887,  on  the  Engineering  Corps  of  the 
Aqueduct  CommlBStoneie,  New  York  City,  as  Assistant  to  Engineer  of  Construction ; 
Leveler  in  charge  of  field  work  on  Section  "  A  ";  reduced  to  Bod  man  in  charge  ol 
same;  promoted  to  Assistant  Engineer:  reeigned  In  January,  I8ST,  and  have  since 
been  engaged  in  business  for  my  owu  account  at  above  address. 

Ferris,  Junius  Colton,  E.M., 1883. 

Carthage,  III. 
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Feochtwakgeb,  Henry,  Ph.B., 1882. 

Ruoni  19,  99  Franklin  Street,  New  York  City, 

FlALIX>8,  ExBKltlE  COXSTANTINO,  C.B. 1883. 

No.  27,  Calle  10a,  Tegucigalpa,  Honduras,  C-  A.,   and  care  Kniest 
Schernikow.  P.  0.  Box  S.HO,  N.  Y.  City. 
'  QenenI  pnetiee  in  Rngjneeriag.    ProreiBorof  Matlieniaticaanri  HlnerBlagy  in  the 
Univeraity  of  TexncigBlp^    The  most  eztcQuive  practice  iias  been  aa  Oovemmcnt 
Surveyor  of  Lands  and  Mines. 
FlsHER,  WlLLABD,  E.M., 1888. 

DaHaa,  Teias,  and  3B1  W.  Fifty-siith  Street,  New  York  Cky. 
DTMiKli'sniiin  to  Paraons,  C.E.,  New  York  City.  Anistant  to  Superintendent 
SoKOvia  Uolcl  Hiniug  Co.,  NIcnraKUa.  Clerk, Office  of  Bicii  Hiii  Coni  Miuing  Co., 
Rich  Hill,  Mo.  Engineer  and  Mine  Snrveyor,  Rich  Hill  Coal  Mining  Co.,  Riclt  Hiii, 
Mo.  Prospecting  for  coai,  Southwest  Missou  ri,  along  the  tine  of  Wichikw  AWeateni 
la  the  interest  of  the  MiiiBaiiri  Paciflc  Railroad.  Southern  Sales  Agent.  Coal  Cos.  on 
the  lines  of  Missouri  Paciflc  Bailway.    President  Tyler  3.  E.  Bsilway  ol  Texaa. 

Floyd,  Frederick  Wiluam,  C.E.,  E.M.,      .        .  1877. 

63S  W.  Twentieth  St.  and  175  W.  Eighty-serenth  St.,  N.  Y.  City. 
1877-78.  Honorary  Assistiint  in  Metallurgy,  School  of  Mluea.  1878-81,  U.  8.  Qeo- 
graphical  Surveys,  West  of  iDOth  Meridian.  1881-8-.;,  Preliminary  Surveya,  New 
Croton  Aqneduct  and  Diun,  Ne«r  York.  1882,  Reporting  on  Mines  in  Colorado.  1883 
to  da(«.  Firm  of  James  B.  Floyd  &  Sons,  Iron  Works.  Specialty,  Qas  Engineering 
and  Gns  Works  Constmctloa. 

FosTERj  Reginald  Girv,  C.E., 1893. 

16  E.  Thirty-first  Street,  Now  York  City. 
Fowler,  Ai/Bert  Oasimib,  C.E., 1889. 

Cienfuegoa,  Cuba. 
Fowler,  Samuel  Stewart,  A.B.,  E.M.,  ....     1881. 

Golden,  B.  C,  Canada,  and  Room  201,  34  Clark  Street,  Chicago,  III. 
1S85.  Civil  Engineering  Work,  New  York.  188(1,  Assistant  Superintendent,  Iron 
Hill  Mining  and  Milling  Co.,  Black  Hills,  South  Dakota.  1887,  Assistant  Superin- 
tendent Galena  Bednftion  Co.,  Black  Hills,  3o«th  Dakota.  1888,  Snperintendeiit, 
Internationa]  Smelting  Works,  Texas.  Engineer  and  Asaayer,  Bunker  Hill  and  8nt' 
livan  Mg.  and  Cone.  Co.,  Idaho.  1889,  Eteportiug  sundry  properties.  1890  to  date, 
So  per  iu  ten  dent  Golden  Mining  and  Smelting  Co.,  Golden.  H.  C,  Canada. 

FoYfi,  Andrew  Ekkest,  C.E., 1890. 

Tutor  in  Civil  Kngineering.  School  of  Jlines,  Culuiobia  College,  and 
163  West  Seventy-ninth  Street,  New  York  City. 

1890-63,  Engineer's  o(tfce,  M,  W.  P..B.  B,     1892  t*  date,  as  abqvc. 

Frank,  Jerume  William,  Ph.B,, 1888. 

SUndard  Varnish  Works,  207  Avenue  D,  New  York  City. 
Frebdman,  William  Horatio,  C.E.,     ....     1889. 

120  W.  One  Hundred  and  Twenty-fifth  Street,  New  York  City. 

Post-graduate  in  Elect.  Engineering,  18W9-B1,     Jolin  Tjndall  Fellow,  1891-93.    To- 
tor  in  Elect.  Enginceriag,  since  1892.    Additional  degree  of  E.  E.  in  June.  1891. 

Friedman,  Samuel,  C.E., 1892. 

City  Engineer's  Office,  Niagara  Falls,  N.  Y.  ; 
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FcRMAK,  Howard  Van  Fleet,  E.M.,  ....  1881. 
510  Peoples  Bank  BId'g.,  Denver,  Cot. 
IRSS-fP,  Ae«a7eTaiid  Chemlatand  Forcmui,  Oermanis  L«ad  Worki,  Utafa.  Chem- 
ist, Oiobe  SnieltiiiK  and  ReflDina  Co.,  Deliver.  Amistant  SaperinteQdent,  Btllinm 
Smelter,  Bocotro,  New  Hezico.  Superintendent,  BailefSmelter,  Denver,  Culo.  1S86- 
91,  some  eiperieiicc  as  Coiiaalting  Eogineer  and  Metallnrgist. 

a. 

Garmchs,  Herman,  E.M., 1880. 

Oinftlin  and  Grant  S.  and  R.  Co.,  Omaha,  Neb. 
1880-83,  SurvejiiiB  and  Reporting  on  Mines  in  Coloiado.   1883-37,  Aaaiatant  Super- 
intendent, Aurora  8.  A  R.  Co.,  Aaroni,  111.    1887,and  Id  the  present,  SoperinteDdent, 
RefliiiiiK  Departiiieut,  Omnlia  and  Grant  S.  and  R.  Co.    Specialty ,  Silver  and  Lead 
Smelting  and  Refining.  ' 

GiPFORD,  Stanley  Devol,  E.M., 1889. 

Butle  City,  Montana,  and  Tuckalioe,  N.  Y. 

Going,  Chakleh  Buxton,  Ph.B., 1882. 

President  Cincinnati  Deaiccnling  On.,  Cincinnati,  and  Glendale,  Ohio. 
GoLDScHuiDT,  Samuel  Anthony,  A.R,  a.m.,  E.M.,  Ph.D. 

(Life  Member), 1871, 

Trcnaurer  Columbia  Cliemicnl  Works,  43  Sedgwick  St.,  Brooklyn,  N.  Y. , 
and  New  York  City. 
AB^istant  Ohio  Geological  Snrve;,  IHTl.  Chemist  and  ..distant  Inspector  of  Fer- 
tillxera,  Huvannah,  Ga.,  during  winters  oMHTI-T^.  During  summera,  Assistant  to 
Dr.  Chandler.  Inspecttir  New  York  Board  of  Health,  18T3-T5.  Reporting  on  Gnano 
Island)!,  South  Paciflc.  IBTD.  General  Consulting  Prai-tice,  ISTtl-HO.  Inspector  Of- 
fvnsivc  Trade?,  New  York  Bonrd  of  Health,  ieT9-8S.  Treasurer  and  Manager  Colnm- 
bia  Chemical  Works,  18)n  to  date.    Specialty,  AnimoniH  Hnnufu.'ture. 

G«KJD,  Geohgb  McClkllasd  HouTZ,  E.M.,     .  .     1886. 

Mining  Engineer,  Oisccula  Mills,  OearGeld  Co.,  Pa. 
1892,  Mining  Engineer  to  The  United  Collleriet  Company.      1893,  Assistant  Oen'l 
Manager  of  the  same. 

GiKiDWiN,  Edward,  E,  M., 1891, 

Tombstone  Mill  nnd  Mining  Coiu|)any,  Tombstone,  Arizona,  and  Gov* 
ernor'a  Island,  N,  Y. 

Gordon,  John,  Jr.,  EM., 1871. 

Merchant,  Kdvrard  Johnston  &  Co.,  A2  Saa  Pedro,  Rio  de  Janeiro, 
Brazil,  and  G.  O.  Gordon,  69  Wall  St.,  N.  Y.  City. 
G«6LiNO,  Edqab  Bonaparte,  E.M.,  C.E,  .      ■  ,     1884. 

Windsor  Hold,  New  York  City. 
Tutor  in  Uatbematics,  Colnmbla  College  from  1884  lo  188!>.  Dmngbtsman  and 
afterwarda  Aasistant  Engineer  in  Department  of  Ducka,  New  York  City.  1886-68.  In 
Hannfactnring  Business  in  Paris,  France,  1838-89.  Tutoring  in  Mathematics  and 
Engineering  Branches  in  New  York,  and  Superintending  building  of  houses,  iutro- 
dncingCnlm-bnming  Furnace  in  U  8.,  1889-91.  On  Constrnction  and  Public  Works  at 
the  Suez  Canal,  Egypt,  to  build  two  villages  on  ssjue  in  artlHclal  stone  (Beton  Coignetj. 

Gbaff,  Charles  Evebktt,  EM., 1886. 

Address  unknown. 
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I8SS-S7,  AnitlATit  Engineer,  CCulral  Giitre  BUna  Railroad,  Argentine  RepQblk,  9. 
A.  1887-86,  Engineer,  Arfioiia  Union  Mining  Co.,  PrMcott,Ari«>na.  18d8-90.  Mann- 
rnctariafr  Work,  Binding  Twine  an<t  &ea|<erB.     1600-91,  Engineer,  Eagle  Oil  Co. 

Gratacap,  liouis  Pope,  Ph.B., 1876. 

CuratoT  American  Museum  Naturnl  Historj'.  New  York  City,  and  West 
New  Brighton,  S.  I. 

Gregnleap,  James  Leal,  C.K., 1880. 

Ai^. -Professor  CiTil  Enpineeriii>{  Culuiiibia  Cutlege  School  of  Mines, 
and  Llewellyn  Park,  West  Orange,  N,  J. 
Special  Agent  for  Tenth  Cunaul  for  WaCer-piiwer  from  18S0  to  Ifffi3.    Since  instmc- 
thig  ill  engineering,  civil  and  sanitary,  in  School  ol  Hinei,  Columbia  College.    1891, 
Adjunct  PnifessoT  Civj]  Engineering,  Ccilumbia  College. 

Ghifpin,  Sahdel  Palmer,  Jr.,  E.M.,     ....     1884. 

Building  Dept.,  Eighi^nth  St.  and  Fourth  Ave.,  and  4«  Park  Ave,, 
New  York  City. 
Gbiswold,  W1U.IAM  Tudor,  C.E., 1881. 

U.  S.  Geological  Survey,  Washington,  D.  C,  and  Boise  City,  Idaho. 
Gross,  Louis  N.^itban,  B.S.,  E.M.,  .  ,        .     1884. 

Merchant  and  38  East  Fifty-eighth  Street,  New  York  City. 
Gudeuan,  Edward,  Pn.B.,  Ph.D., 1887. 

Ainericnn(;inco8eCo..Peoria,  Ill.andP.  0.  Box  3001.  N.  Y.  City. 
Student  at  the  UnivsTsilim  of  Berlin  and  Gotltngpii,  1887-89.  Private  Anistant 
with  Dr.  C  F.  Cliandler,  and  Honorary  AMiatant  at  the  School  of  Mines.  18^ 
and  1880.  PraftsMir  orcbeniiatry  in  charge  of  the  Dcpnrtmeut  or  Chemistry.  Dyciiie 
and  Pottery  at  the  Peunaylvania  Musuuiu  and  3<-hool  of  Industrial  Art.  Philailr]- 
phia,  Pa. 

Gudewill,  Charles  Edward,  C.E,        ....     1890. 
2  West  Forty-seventh  Street,    New  York  City,  and  Montreal  Water 
and  Power  Co.,  Imr«ria1  BId'g..  Muntrciil,  Canada. 
GuiTERMAK,  Edward  Woiip,  Ph.B.,        ....     18S9. 
Passaic  Print  Works,  Pnssnic,  N.  ,T. ,  and  33,1  West  Fifty-eiglith  Strecl, 
New  York  City. 
1880  to  date,  Cbeniist  above  work*. 

H. 
Haasis,  Dunbar  Fekdinand,  E.M.,        ....     1883. 
U.  S.  S.  'Gedney,"  Box  173,  and  tO  Rector  St.,  Perth  Am  boy,  N.  J. 

lSS3-a4.  Iiupeclorof  bridge  work,  Stony  Point,  New  York.  INSS-SS.  Anayer  and 
Clieniist,  aflerwarda  Qeneral  Manager  Parrai  Mining  and  Milliug  Co.  (itllver),  Mexico. 
1889,  with  Corpe  of  Engineers,  U.  S.  A.,  on  New  York  Hiirbor  Imprnvcnienta.  1890 
to  date.  Engineer  Marion  Phosphate  Co.,  Florida,  and  Engineer  Humbarg  Plioaphatc 
Co.,  Florida.  Surveying,  prospecting  and  reporting  on  piioephate  depceiti.  189i-93, 
with  U.  S.  Engineers  in  charge  construction  Concrete  Fortlflcations.  In  charge  of 
Harbor  Improvements. 

Hale,  Albeut  Ward,  A.B.,  A.M.,  E.M.,  .        .     1867. 

DepMrtmcnt  Public  Works,   East  Twentv-fourth  Street,   New  York 

City. 
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Hall,  Robert  WrLLiAM,  E.M., 1S76. 

University  Building,  Wasliington  Square,  New  York  City. 

From  ISTe  to  1866,  ChemUt  to  the  American  Qaa  Fuel  and  Light  Company  and  tn 
■ome  aoBociated  companies.  Since  the  aatnmn  of  1U86.  Acting  Awisttnt  Professor  at 
General  Chemistry  in  the  Univenltr  "f  tlie  City  of  New  York.  Since  the  autumn 
of  1690.  also  Acting  Professor  of  Aoalytica]  Chemistry  in  the  same  institutioD. 

Hallock,  Albert  Peter,  Pu.B.,  Ph.D.,        .  .     1880. 

440  First  Avenue  and  434  Lenox  AveDue.  New  YorltsCity. 
June,  1S80,  to  (X-tober,  1860,  with  Dr.  P.  de  P.  Ricketta.    October,  1830,  to  Novem- 
ber, 1697,  Chemist  Consptidated  Has  Co.    ^'l>veTDbe^.  I68T,  (o  January,  16S8,  In  the 
shell  lime  business.    January,  ISBD.  to  date.  Chemist  to  Carl  H.  Scbultz,  Hineral 
Water  Factory.    Specialty,  Gas  and  Mineral  Water  Chemistry. 

Hakkinbok,  Albert  Worthington,  C.E.,      .        .        .    1893. 

114  West  FoHy-fifth  Streel,  New  Yurk  City. 
Hanna,  George  Byros,  A.B.,  E.M.,       ....     1868. 

Charlotte,  N.  C. 
Chemist  and  Assistant  Geologist  North  Carolina  ONilogical  Survey.    Helter  and 
Assistant  Assayer  V.  3.  Away  Office,  Charlotte,  K.  C.    Also  Consulting  Mining  Engi- 
neer aud  Cliemiat,  etc 

Hardiko,  George  Edward  (Associate),  ....     1867. 

Arcliitect,  40  Excliange  Place,  New  York  City. 
Habrikoton,  Thomas  Henry,  C.E.,       ....     1889. 
Enf;ineer  section  U.  S.  Gov't  BIdg.,  Jackson  Park,  III, and  Weatclies- 
tcr  County,  N.  Y, 
July,  1699,  to  March,  1693,  Inspector  Clerk  and  General  Superintendent  on  U,  S.. 
Works,  Flood  Rock.  Hell  Gat»,  East  River.  N.  Y.      April,  lHt)3.  in    charge  of  Exhi- 
bit of  Kiver  and  Harbor  Improvemenia  fruni  New  York   City  and  Hudson  River,. 
at  World's  Colunibiau  Exposition,  Chicago. 

Harris,  Edwin.  Ph.B., 1889. 

Globe  Steam  Healing  Co..  412  N.  Eleventh  Sl,  St.  Ixiuia,  Mo. 

1889-90,  Chemist  uf  the  Camden  Oniaolidatcd  Oil  Compauy.  1890  to  date,  Chemist. 
Okmden  Consolidated  Oil  Company  and  agent  for  oil,  mineral  and  timber  lands  In, 
West  Virginia  and  Ohio.  Chemiitt  to  the  Phosphorus  Works  of  J.  J.  Allen's  Sons,  3: 
(;iiestiiut9t.,  Philadelphia,  1892-93. 

Hathaway,  Nathaniel,  Ph.B., 18T&- 

Svrain  Free  Seliool.  ftn<l  43  Klni  Street,  New  Bedrord,  Muss. 

1679-60,  Booth  and  Edgar  Sugar  RcAnery.  1680-63,  Private  Aasisttint  to  Dr.  E. 
Waller,  New  York.  1863-91,  Teacher  of  Chemistry  and  Physics  Swain  Free  Sehool,. 
New  Bedford,  Mass.,  and  general  analytical  work. 

Hawlev,  JuHN  Francis,  C.E.,  .        .        ...    1891.. 

ApHTtndo  1T'2,  Guatemala,  C.  A. 
Hubert,  Octave  Britto.>j,  C.E., 1888.. 

125  Fast  Seventy-fonrlli  Street,  New  York  City. 
Heinbheimer,  Alfred  Maurice,  C.E.,  ....     18871 

Kuhn,  Loeb  &  Co.,  30  Nassau  Street,  and  71  Ka»l  NinctietJi  Street, 
New  York  City. 
Hendricks,  Henry  Harmon,  Ph.B.  (Life  Member),.      .,    lS80i. 

Hendricks  Bros.,  49  Cliff  Street,  New  York  City. 


ovGoo'^lc 


—  34  — 

Herckenrath,  Walter  Augurtus,  A.M.,  C.E.,     .        .     1892. 

26r>  Clinton  Street.  Brooklyn,  N.  Y. 

1H9S-93.  Erie  Cil;  Iron  Warki  and  with  Cit;  EngioeeT  OD  pavements  Mid  tewen; 
WIlmtaKlon,  Vt.,  on  Bailwa;  and  Oenenl  EugliiMriiig ;  iDBpcctm  U.  B.  Dredging 
OperatioDS,  Gowanns  Baj. 

Hewlett,  James  Moctroe,  Ph.B., 1890. 

MoKim.  Mead  &  Wliite,  1  W.  Twentieth  Street,  and  68  Remaen  St., 
Brooklyw,  N.  Y. 

HiLDRETEt,  KUHBEL  WaDSWORTH,  E.M.,    ....       188S. 

R.  W.  Hlldretli&Co.,  Inspector  and  Bridge  Expert,  No.  2  Wall  Street, 
and  25  Madison  Avenue.  New  York  Citj'. 
HiLDRETU,  Walter  Ewwards,  C.E.,  E.M.,    .        .        .     1877. 
Metropolitan  Hotel,  584  Broadway,  New  York  City. 

Hill,  William,  C.E., 1882. 

A&sistant  Superintendent  Collins  Company,  Bos  196,  Collinsville. 
Conn. 
One  7Mr  practical  experience  In  manubetore  of  crucible  Bt«cl.  Two  yean  draaghts- 
roan  aud  aKsiatant  Ia  mBster  mechanic  of  company  manufacturing  crucible  ateel.  bar- 
iron,  edge  toolx,  plows  and  wrenchea.  Engineer  in  charge  oF  recoustrnction  of  dam 
600  feet  long.  32  fiH^t  high,  at  Otia,  Moss.  168li  to  Ante,  AaaisUnt  Superintendent  for 
the  Collins  Company,  employ  iiig  about  GTiO  men,  maiiufaL-turiag  principally  edge  toota. 

Hi-xuAS,  Bebtrakd  Ch«8e,  Ph.B.,  a.m.  (1892),     .        .     1800. 
929  Flushing  Avenue,  Broqjilyn,  and  Alansville,  Jefferaon  County, 

N.  Y. 
Since  Jnne,  1890,  Cliemist  to  th«  Iron  Clad  Uaiiufactaring  Company,  engtged  in 
tlie  nianntactiire  of  Ebeet-iron  enamelled  ware. 

HoLBROoK,  Francis  Newberby,  C.E 1876. 

42  Pine  Street,  New  York  City,  and  Box  395,  Tarrytown,  N.  Y. 
Prom  fall.  18TG,  to  spring,  1860.  AsaistHnt  Assay  Laboratory  School  of  Mines. 
Spring  and  Snmmer  on  Geological  Survey,  Wea'.  Ttxas.  Then  to  1884,  spring,  Saper- 
ititendent  Coiralitoa  Co.,  Cliihoaliua,  Meiico.  1^84-87,  eipert  work,  oBce  El  Paso, 
Tuxaa.  Summer  and  fall,  18H7,  Superintendent  of  Unitud  Verde  Copper  Company. 
Arizona.  1838,  spring,  on  geological  work  for  the  Southern  Pacific  CoDipany  in  West 
Texas.  Summer  and  fall,  running  gold  mine  and  mill  for  self  in  Ariiona,  1888-90, 
Manager  for  U.  S.  Circuit  Court  in  suit  between  the  Con.  Kanius  City  Smelting  and 
Refining  Company  aud  tlie  Ouadalnpe  Company.  In  Noevo  Leon,  Mexico.  IH90  to 
Pcbrnary,  IHSl.eraployeil  by  the  ComoaQiaMftalargica  Meiicann.  March  and  April, 
I8»l,  chkrue  of  copper  smelter,  Tac»,n,  Arizona.  Expert  Work  until  1893,  when  re- 
tarned  to  Camp.  Metal.,  Mexico, 

HoLDEN,  Edward  Henry,  C.  E., 1878, 

1074  Boston  Avenue,  New  York  City. 
HoLLBKiTH,  Herman,  E.M.,  Ph.D.  (1890),     .        .        .     1879. 

Electrician  and  Expert,  501  F.  St.,  WaBhington,  D.  C. 
HoLLRK,  Arthur,  Ph.B. 1879. 

Columbia  College,  and  Box  105,  New  Brighton,  N.  Y. 
Sn peri nteudcnt  Mexican  Miue,  Mariposa,  Cal.,  1S80.    New  York  City  Health  De- 
partment Inspector  from  1881-90.     Sanitary  Engineer  from  1690-91.     Special  In- 
spector, 18U2,  New  York  Stat«  Board  of  Uealtli.     Special  Expert  and  Inapector  of 
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Offennlve  Tmdps.  both  in  consaltation  and  field  vrork,  from  ieS3  to  <Ute.  BoKrd  or 
Health,  Village  of  New  Brighton ;  1880-92,  a  member  of  the  Board.  Board  of  Health, 
I.ong  Island  Cltj,  Sanitary  Adviaer.  1890.  In  |!eneral  practice  as  a  Ranitarian  from 
18H3  to  date.  U.  S.  Gealogical  Survey— engHged  in  collectinic  specimens  in  the  Terri- 
tories, in  1882.  Appoiiit.>d  Fellow  in  Geology,  Columbia  Colk-ge,  January.  1890 ;  re- 
appointed, IH91;  AB8iiit..lt«92.  Recording  Scc'y  Torrey  Botanical  Club,  N.Y.,  1883-88. 
Corresponding  Secretary  Nntnial  Science  Aseociation  of  Ststeu  Island,  1881  to  datei. 
AMoelate  Editor,  Bullelin.  Torrey  BolHuital  Club,  1888  to  date. 

HoLLis,  Henby  Leonard,  E.M.,    .        .    '    ,        .        ".     1885. 
I:>32TlieRooker}-,  CliicDgo,  111.,  and  !t04  Perrj-PaJDe  Bldg.,  Cleve- 
land, 0. 

1885,  Assiatant  Cbemlat  Edgar  Thomson  Steel  Works.  1885-87.  Assistant  Chemist, 
Korth  Chicago  Rolling  Mill  Company.  1887-90.  Chief  Chemist,  North  ChlnHgo  Boil- 
ing Hill  Companj-,  which,  in  1889,  became  by  consolldution  part  of  Che  Illinois  Sttsel 
Company.  1890,  member  of  firm  of  Battle,  Nye  &  Hollis,  Aualyticnl  Cbemisla  and 
Mining  Engineers.  1893,  Member  of  firm  of  H.  L.  Hollis&  Co.,  Analytical  Chemists 
and  yining  Engineers, 

HoLLis,  William,  C.E., ^        .     1878. 

Box  109,  Eagle  Pasn,  Texas.    Agent  fur  Alamo  anil  Coahuilu  Conl  Cos. 
Holt,  Maruaddke  Burrell,  E.M.,       ....     188!'. 

Colorado  Smelting  Company,  Pueblo,  Colo,,  and  2ST  Lexington  Ave,, 
New  York  City. 

1389-90.  Student  In  course  of  Electrical  Engineering,  School  of  Mines.  1800-91,  with 
Aspen  Mining  and  Smelting  Company,  serving  as  Mining  and  Electrieal  Engineer. 
1891  to  fall  of  1892,  Agent  and  Electric,  Engineer  with  the  "  C.  and  C,"  Electric  Motor 
Co.,  N.  Y.  City  and  Denver.    1892-!)3,  Assayar  Colorado  Smelting  Co.,  Pueblo,  Colo, 

Hooker,  William  Augustus,  A.B.,  A.M.,  E.M.,     .  1869. 

Hooker  &,  Lawrence,  145  Broadway,  New  Yoi-k  City. 
Hooper,  Frank  Cyrus,  Met,  Ekq.,       ....     1890. 

American  Graphite  Co.,  Ticonderogn,  N.  Y. 

1890-1801,  Asslstaiil,  Eiigiiici-r  De  l.aniar  Mining  Qi.,  Limited,  1803-93,  Ameriuau 
Graphite  Co. 

HoPKE,  Theodore  M.,  Ph.B., 1880. 

Linden  Steel  Co.,  Pittaburjth,  Pa.,  and  Hastings  on  Hudson,  N,  Y. 

August,  1889,  November,  1881,  AnnlyCical  Chemist  with  LedoDi  &  Co.,  New  York. 
November,  1881  to  November,  1H8-1,  Member  of  the  firm  of  Elliott,  Hopkc  S  MatCison, 
Analytical  and  Consulting  Chemists  and  Assayers,  July.  1888  to  November,  1889, 
Oiemist  for  Linden  Steel  Co,,  of  Pittsburgh,  P»  ,  also  had  charge  of  Physical  testing  de- 
partment, November  1^'89  to  date,  Manager  Open.Heartb  department  of  above  Co., 
having  full  charge  of  manufacture  of  all  gradts  of  steel  made  by  the  company,  also 
building  of  open-hearth  ^rnacei. 

HoRNE,  William  Dodge,  Ph.B., 1886. 

Instructor  Analytical  Chemistry,  Rutgers  College,  New  Brunswick, 
N.  J. 
Jnne,  1886  to  December,  1887,  Cliemlst  to  Fqlton  Sugar  Beflnery,  Brooklyn,  N.  Y. 
October,  1897  to  December,  1K8T,  Assistant  Instructor  in  Clieoiistry,  School  ofMinca, 
Colombia  College.  Dccenilier  18HT  to  June,  1888,  Chemist  to  St.  Louis  -Sugar  Relinery, 
8t.  Louis,  Mo.  October,  1888  to  October,  1889,  Chemist  to  Standard  Sugar  BrSnery, 
BoHton,  Muss.    November,  188)>,  to  present  time,  Geuvml  Analytical  Cheniialry,  Lab- 
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ar»tai7  and  ofBcn  in  New  Bransirich,  S,  J,  Jnnnftrj,  1890,  to  present  time,  Choni'it 
to  Delaware  Sagar  House,  PbilailepbiE^  Pa.  Jaunar;,  IHin,  to  preMnt  time,  Imtnip- 
tor  In  Aiulytii-al  ChemlBtry  in  Knlgein  Collage,  New  Brunswick,  N.  J. 

Howe,  Epekbtus,  E.M.  (Life  Member),    ....    1886. 

Cia  Constancin,  Sierra  Mojada,  Mexico,  and  North  Salem,  N.  T, 

Airayer  and  Chemist  with  the  El  Paso  Smelting  Co.,  and  the  Argentine  Wmk*. 

Kansas,  ISST-lSee,  and  with  I«cla  Congt&ncia   Esmeralda  Sierra  Mqada  Coahnila. 

Heiico,  lE^. 

HoYT,  Walter  Lowbie,  E.M.,  C.E.,       ....    18(6. 
Sl  Louia  Smelling  and  Refining  Company,  St.  Lonis,  Mo. 

len-lSaO,  Chemiat  and  Metallurgist  at  Smelting  Works  la  Utah,  Montana  and  Col- 
orado. 1880-1884.  Metallurgist  with  Omaha  k  Grant  Smelting  and  Beflninj  Co., 
Omaha,KBb.  1884,  Mining  Engineer  with  El  Cbllao  Gold  Mining  Co.,  Tenenela.  8. 
A.    1885-1891,  Superintendent  St.  Lonis  Smelting  and  Keflniug  Co.,  St.  Louis,  Ho^ 

Hdubert,  William  Scott,  E.M., 1883. 

Niagara  Falls,  N.  Y. 
1883-1885,  Surveys  and  location  o[  Tnnnel  far  New  Croton  Aqnednet  19G5-lSi^. 
CoDBtmctlon  work  new  Croton  Aqueduct  and  eiteusiye  Topogropliical  Suriej  of  the 
Croton  Valley.  1387-1888,  lu  chargb  of  constrnction  as  Assistant  Engineer  it  shafts 
Mo.  21,  No.  2^,  and  Na.'23  New  Croton  Aquednct  (night  shift).  1868  to  1891  Ajaistant 
Engineer  in  charge  of  (he  construction  of  two  large  dams  and  tunnela  connecting  the 
two  basins  or  Doable  Reservoir  "  I,"  located  2  milea  east  of  Brewster,  N.  T.,  on  the 
east  Branch  or  the  Croton  Kiver.  1891,  Special  Assistant  Engineer  C^tsntet  Con- 
stroctlon  Company. 

Hunt,  Frederick  Fubneaux,  E.M.,  O.E.,  .        .    1876. 

"7  Kne  Street,  New  York  City,  and  New  Brighton,  S.  I. 
Huntington,  Frederick  Wolcott,  E.M.,      .        .        .    1885, 

Tcrraceia  Phosphate  Co.,  Barat«w,  Pulk  Cu.,  Florida. 
HURI.BUT,  EL18HA  Desison,  Jr.,  C.E.,     ....     1890. 

106  Hicks  Street,  Brooklyn.  N.  Y. 
1890-91, at  Columhla  College  Iaw  School.     1891-^,  Assistant  in  Mecbanicsl  Engi- 
neering, Scliool  of  Mines. 

HuTTON,  Frederick  Reuben,  A.B.,  A.M,,  E.M.,  C.E., 

Ph.D.  (Life  Member), 1876. 

Columbia  College,  end  296  Lexington  Avenue,  New  York  Citj. 

IST6-187T,  Assistant  in  Engineering,  School  of  Mines.  1877-1888,  Instractor  in 
Mechanical  Engineering.  1883-1891.  Adjunct  Professor  Mechanical  Eagiueerlng. 
1891,  Prafessor  Mechanical  Euglneeriug. 

I. 

Ihlseno,  Axel  Olap,  B.S.,  E.M.,  C.E.,  .        .        ...     1877. 

Carthage,  Mo.,  and  l.'.l  East  33d  St.,  New  York  City. 

1977-188-2,  Chief  Chemist,  HavemByor  Sugar  Beflning  Co.,  Brooklyn,  E.  D.  1882- 
1890,  U.  S.  Dep.  Mining  Surveyor,  District  of  Colorado.  188i-1883,  Chemist  and 
Assayer,  La  Plata  Smelter,  I«adville,  Coin.  1B83,  Metallurgist.  Martha  Rose  SmelCvr. 
Bllverton,  Colo.  1884.  Assayer,  Stoiber  Sampling  Works,  SiWerton,  Cola.  1^'<- 
Duycklnuk, Schuyler  AIbIseng.0reSaniplers,8ilverton,  Colo.  1886-1890.  Mansger 
of  Mt.  Queen  Mining  Co ,  Beliance  Mining  Co.,  Browu  Mining  Co.,  and  the  Halt 
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Hines,  SilvertoD,  Colo.    1690-1893,  Operating  Ziocite  Hlne  tind  otiiera  near  Webb 
<^ty.  Nevada,  and  in  caDBtructinR  concentrating  plaata. 

Ihlseng,  Magnus  C,  E.M.,  C.E.,  Ph.D.,  .        .     1875. 

Professor  Engineeriog,  State  School  of  Minea,  Golden,  Colo. 
Ilbs,  Malvern  Weli£,  Ph.B.,  Ph.D.  (Life  Member),      .     1875. 

Super! Dtendent  Globe  Smelling  Co.,  Denver,  Colo. 
Illig,  William  Charles,  E.M., 1882. 

327  E.  Forty-first  Street,  New  Yoric  City. 
IxoERSOLL,  William  Hauey,  A.B.,  A.M*.,  LL.B.,  E.M., 

(Life  Menilffir) 1870. 

Nortliport,  Suffolk  County,  N.  Y. 
18T5-lfn8.  Amiatant  iu  Engiaeerliig,  Columbia  College.    1976-1881,  Anistaut  in 
HechsnEm  and  Astronomy.      lBSt-1837.  Uaniir>ictutiiig  tlo-narc,   Porttaud,  Conn. 
leST-date,  I u capacitated  from  practice  by  lack  of  health. 


Jaceson,  Oswald,  C.E., 1892. 

Principul  AMiatant  Engineer  United  Railways  of  New  Jersey  Division 
P.  R.  R.,  Jersey  City,  N.  J.,  and  550  Park  Ave.,  N.  Y.  Cily. 
Jacob=i,  David  Mark,  Ph.B., 1887. 

R.  J.  Jacobs,  41  New  St..  and  30  W.  Thirty -eighili  St.,  N.  Y,  City. 
Jacom,  Solomon  Joseph,  Ph.B., 1887. 

R.  J.  Jacobs,  41  New  St.,  and  30  W.  Thirty-eighth  St.,  N.  Y.  City. 
Janbwav,  John  Howell,  E,M., 1886. 

John  A.  Roebling's  Sons  Co.,  and  124  West  State  Si.,  Trenton,  N.  J. 

1SH6,  (Jadergronnd  aod  SarfarB  Surveyor  fur  Cooper,  Hewitt  &  Co.  18S7-1891 
Draughtaman  and  Designer  and  Constructing  Engineer  of  Wire  Bope  Tramways  in 
Montana,  Oregoo,  Alaska,  and  ailifomia  far  the  Trenton  Iron  Co.,  Trenton,  N.  J. 

Jenks,  Arthur  Wilton,  E.M., 1886. 

Supt.  Kootenay  Jjake  Reduction  Co-,  Pilot  Bay,  and  c&re  E.  E.  Olcott, 
18  Broadway,  New  York  City. 

Sammer  1886,  New  Jereey  on  Geotogleal  Work.  188S-1S8T,  In  Cerro  de  PaeCO, 
Pern.  S.  A.  Ansayer  and  Chemist  to  tfao  commission  ei&mining  that  silver  mining 
■lietrict.  Spring,  IBST,  In  New  York,  Chemist  with  Ledouidt  Co.  18flT-lS8e,  In  Au- 
rora, III.,  AraistAot  at  the  works  of  the  Chicago  and  Anroia  Smelting  and  Hefining 
Company.  Summer  and  Fall  1838,  In  Dutch  Guiana,  S,  A„  Asaayer  and  Asaiatant  iu 
the  eiamination  of  gold  doposita.  Full  IB8S  to  date.  In  Aurora,  Ills.,  Assistant 
Superintendent  at  the  Aurora  Works  of  the  Chicago  and  Aurora  Smelting  and 
Bedning  Co. 

Jeup,  Bernard  John  Theodore,  C.E.,  ....     1887. 

Sanitsry  Engineer  New  York  Board  of  Health,  43  BIcecker  Sl,  New 
York  City,  and  328  De  Graw  Street,  Brooklyn,  N.  Y. 
Johnson,  Arthur  Gale,  E.M., 1885. 

Jensen,  Utah. 
Johnson,  Elias  Mattison,  Ph.B., 1878. 

Isaac G.  Johnson  &  Co.,  Spuyteu  Duyvil,  N.  Y. 
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Johnson,  Gilbert  He.nry,  Ph.B., 1878. 

Isaac  Or.  Jolinson  &  Co.,  Spuyltn  Duyvil,  N.  Y. 
JoBNKOM,  Iraac  Bradlky,  E.M., 1879. 

laaHc  G.  Johngon  &  Co.,  Spuyten  Duyvil,  N.  Y. 
Jones,  John  Eimer,  E.M., 1893. 

Hazleton,  I'a. 
JoSB*,  William  Denison,  Ph.B., 1888. 

Hccker.  Jones,  Jewpll  Milling  Co.,  20fi  Produce  Eioliange.  N.  Y.  City, 
and  f)2  Clark  Street,  Brooklyn.  N.  Y. 
JoPLiNQ,  Reginald  Fubness,  E.M. 1889. 

American  Wire  Co.,  842  Wilson  Avenue,  Cleveland,  Ohio. 
November,  IB.hS  u>  FVbniiiry,  ISDO.  aicoiUt,  Otis  St«s1  Co..  Lul.    Febmarj.  1S90-9S, 
AasistAnt  MaiiagiT  Ainen<^n  Wire  Co.    Vice-pre£k)eiit  of  suae,  January,  1692. 

.JoObt,  Oavaliek  Harorave,  Ph.B. 1882. 

104  Jolm  Street,  Now  York  City,  and  Roselle,  N.  J. 
Analytical  Clicmlst  witb  Lodoux  &  Ricketts.  IriSi-lST^    Analytical  Chouiist  wilb 
G.  U.  Nicbols  &  Co.,  Acid  Manufiicturers  at  Laurel  Hill,  L.  L,  froiu  lE^-lSdS.    Work 
compTiBiiiK  Biiulyites  or  their  variuus  product*  and  a  pnrtial  saperviaioD  of  their  mauD- 
Cacture.    Analytival  Clicmiat  frooi  18S8  to  preauuttime  with  Rickctia £ Ehnks. 

K. 

Karr,  CoRYDON  Powell,  Ph.B., 1878. 

Architect,  ar»d  Art  Editor  of  BuiMlug,  215  Warreo  Street,  New  York 
City. 
Kelly,  William,  A.B.,  E.M. 1877. 

Vulcan,  Dickinson  Co.,  Mich. 
1877,  79.  '80,  AssielBot  Supeiinte.iiden  t,  Chemical  Copper  Co.,  Phqeniivilie.  Pa.  1878, 
ChemiBt,  Himrod  Furnace  Co.,  YomiKStown.  Oliio.  1881-84.  Superiiiteiidtant,  Eemble 
Coal  and  Iron  Co.,  Biddlcsbnrg,  Pa. ;  I88.1,  So  peri  11  ten  dent,  GlamorKan  Iron  Co., 
Leniatowii.  Pa.;  lHSB-69.  Saperiiit«udent,  Kenible  Iron  Co.,  RidiileBburfi.  Pa.;  Iii 
cliarge  of  Blast-furnaces,  C«al  Mines.  Coke  OveQS,  Ore  Miiips,  Quarries.  Kailrouls, 
etc.  ItMltodatc,  General  Superintendent  and  Gen1  Manager  Pen n  Iron  Mining  Co.. 
Vulcan,  Mich.;  In  charge  oC  Iron-ore  Mines  on  the  Menominee  Range.  Lake  Supe- 
rior. Also,  IBiii-Sil,  President  Board  of  Eiaoilncrs  or  ffituoiinous  Hine  Inspectors 
of  Pennsylvania. 

Kemp,  Jame^Furman,  A.B.,  E.M.,  ....     1884. 

Prof.  Geology,  Coliiinbia  College,  School  of  Mines,  New  York  City. 

Several  months  Kith  the  Eaud  Drill  Co.,  1H83-1SB4.  Private  Assistant  to  Prof.  J. 
S.  Newberry,  If'Ml-a.'i.  Studont  of  Geology  and  Mineralogy  at  the  Universities  nf 
Leipzig  and  Munich,  Qermnuy,  lR8r>-SC.  Instructor  in  Geology  at  Cornell,  IHSG-K*. 
Assistant  ProfesBur  of  Geology  and  Minemlogy,  1B86-91,  and  Secretary  of  the  Faculty, 
1H88-69.  Have  travelled  in  the  West  in  1S89,  and  for  tvro  summers  past  have  been 
working  on  the  OeoloKy  of  the  Luke  Champlain  region  and  Adlrondacks.  Am 
espccinlly  engaged  on  Inorganic  and  Economiv  Geology.  1691,  Adjunct  Professor  of 
Geology,  School  of  Mines,  Columbia  College.    Professor,  18»-2. 

KiNSEY,  Frank  Wilmarth,  C.E. 1891. 

Manager  for  R.  \V.  llildreth  &  Co.,  2  Wall  St.,  N.  Y.  City,  and  10 
South  Street,  Newark,  N.  J. 
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AsaiataDt  to  EogiowTB'  Biip Id- Transit  Com misaion,  1891-63.  Engineer  of  Conatrac- 
(ion  Enat  Providence  Water  Works.  IS^.  Deaigiiliig  Ensiueer  with  S.  H.  Qniy, 
1893-93.    1893,  Manager  Tor  E.  W.  Hlldretli  &  Co. 

KissAM,  Henry  8nyder,^h.B 1836. 

Arcliiiect,  Pai  Upsiloi.  Club,  33  W.  Forty-second  S(.,  N.  Y.  City. 

1388-89.  HanoRer  of  Office  of  Pickles  &  Sutton,  Areliitucts,  Tiicoiiia,  Washiiifctoii. 
1889-90,  PracticitiK  Architecture  with  P.  W.  Morris  under  Snu  name  of  Kiasam  A 
Morris.  Tacoiiin.WiLShinRtfln.  IH90-93,  PractiuinK  Arcliiteotare  alone  under  nnmn 
of  Henry  Snyder  Kiasani,  Tacoma,  Wa-ihinKtoii,  18!>3,  Practicing  Architectnre  with 
Jno.  G.  Proctor,  nnder  firm  name  of  Proctor  &  Kissam,  Tacoma,  Washington.  Dar- 
ing 1^3,  in  Sew  York  City,  aa  Student  of  Special  Coustraction. 

Koch,  Edward  Cabot,  E.M., 1879. 

Assistant  Geneml    Manager,  Klinore  GdM  Co.,  Limited,  Rocky  Bar, 
IJalio,  and  160  E.  Fifty-siKth  Street.  New  York  City. 
leaO,  1881.  I8S3,  Asaayer  and  Chemitit  at  Smelters,  Leadville.  Colo.    1883-1883,  Sor- 
veyor  and  Assistant  Superintendent.  L.  A.  G.  Mr.  Co.,  Colo.    1889  to  date,  Assiatkiit 
General  Manager  E.  G.  Co,,  Ltd,,  and  V.  0.  Co,,  Ltd.,  Idaho, 

KoEN,  Joseph  John,  C.E., 1888. 

Board  of  Healtli,  301  Mott  Street.  New  York  City,  and  PearaalU,  N.  Y. 
18B9-90,  Computer  on  New  Crotoa  Aqueduct.    1890-91,  to  date,  Sanitary  Engineer 
on  New  York  City  Board  of  Health. 

KuNHARDT,  Whbatos  Bradibh,  E.M.  (Life  Member),     .     1830. 
32  Beaver  Street,  New  York  City. 

1880-83,  Travel  and  Study  in  the  West  and  in  Europe.  1833-83,  Engineer  for  the 
Bower-Barff  Bustless  Iron  Co.,  and  Asaietant  of  Geo.  W.  Maynard  iu  consulting  work 
on  Iron-mines  and  Ore-dreasing.  ia'4.S-89,  First  Assistant  Engineer  of  the  Boston 
Heating  Co.,  under  A.  V.  Abbot,  as  Chief  Eiigiiieer.  1890-91,  Eiaminalion  and 
Exploration  of  Iron  and  Coal  Deposits  in  New  England,  with  the  Diaoiond  Drill. 
Report  on  Direct  Steel  Processes  and  on  Magnetic  Separation  for  Iron-ores.  Acting 
BecretAry  of  the  American  Institute  of  Mtniug  Engineers  for  four  montlis.  1892, 
President  of  the  Ojceola  (Goldl  Gravel  Mining  Compcn.T. 

Kurtz,  Edward  Laure-sce,  E.M., 1893. 

17  Pittaburgh  Street,  Newcastle,  Pa.  ■ 

u 

Lacombe,  Charles  Frederick,  E.M.,    ....     1885. 
The  Mountain  Electric  Co.,  1  and  2  Duff  Block,  1754  Larimer  Street, 
and  1528  Gilpin  Street,  Denver,  Colo.    Also.  University  Club,  New 
York  City. 
13%  to  18SII,  Assayer  and  Surveyor  and  Foreman  of  Lucky  Boy  and  South  Galena 
Mines,  in  Biugb^ini,  Utah.   1886  to  1838.  Assistant  Inatrnetor  in  Aaaayiiig,  aud  Fellow 
in  Chemistry,  School  of  Mines,  Columbia  College,  H.  Y.    1833  to  1890,  Exaniiuing 
Gold  and  Silver  Mines  in  Colorado,  Utah,  Montana,  ArizoTia  aud  Old  Mexico.    1890. 
Testing  Electrical  Apparatoa  in  Virginia  City,  Nevada,     1890,  Manager  of  the  Gilpin 
Co.  Light,  Heat  and  Power  Co.,  Central  City,  Colo.    1890  to  date,  Pr«aidDiit  and  Man- 
ager, The  Mountain   Electric  Co.     Specialty,  Installing  Electric  Light  and  Power 
Stations,  and  adapting  eleutric  liglit  and  power  for  mluing  purposes. 

Lahby,  Joseph,  E.M., 1887. 

162  E.  Scventy-eiglith  Street,  New  York  City. 
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Lahey,  Richarh,  E.M., 1887. 

WilsoD  Broa.  &.  Co.,  Drosel  Building,  Philwlelpbi&,  and  ]62  E.  Sev- 
enty-eighlh  Street,  New  York  City. 

Laub,  Andrew  Johnson,  E.M., 1884. 

L.  &  N.  Railnsy,  Louisville,  Ky. 
June,  1884,  to  June,  1987,  New  York  CroMn  Aquedact,  DruightsmaD.    Jane,  1887, 
tu  Sept.,  1890,  Aulstknt  Enffineer,  L.  A  N.  Bailroad.    Sept.,  1890,  to  June,  1S91, 
Aasiitant  BoodniMter,  Kdoi.  D<v.,  L.  A  N.  BHilroad. 

LAKGTnoKN,  J.  S.  (Associate), 1891. 

Union  Eleclric  (Jonipnny,  45  Broadwaj',  N.  Y.  City,  and  196  Jorale- 
mon  Street,  Brooklyn,  N.  Y. 
Lawrence,  Benjauin  Bowden,  E.M.,    ....     1878. 
Hooker  &,  Lawrence,  145  Broadway,  and  21C  E.   Eighteenth  Street, 
New  York  City. 
1878-81,  SnperiDtcDdent,  Uontezamn  S.  M.  Co.,  onA  of  other  mines  of  Sammit  Co., 
<Ma.   1684-91,  Lesseeand  OpemtotariilayflQwer and  Pelican-DlTesHine^ClesTCreek 
^'^>.,  Colo.     lu  1880,  Formed  pBrtoBrehlp  with  W.  A.  Hooter,  E.M.,  CiMS  of  1868.  with 
oSce  at  145  Broadway,  ai  ConBalCiog;  Hinlnit  EnKineen.    I  make  a  specialty  of  oper- 
■tiag  Qiider  lense  or  utherwite,  true  flasore  Qold  and  Silvsr  Hinos,  also  ConcentratioD 
of  Uold-Bilver  ores.    Addren  daring  lumniBr  of  1891,  OeorgetowD,  Colo.,  at  the 
Pelican-Dives  Minra. 

Leary,  Daniel  James,  C.E.,  E.M.,        ....     1881. 
Eiif^le  and  Provost  Streets,  Brooklyn,  N.  Y.,  22  Stale  Sti«et  and  43 E. 
Twenty-fifth  Street,  New  York  City, 
isea  to  date,  Constructing  Highway  and  Railroad  BrldKOS,  Wharves,  Docks,  Dredg- 
ing and  Harbor  Improvements  geoenili;.  in  vicinity  of  New  York  City,  as  Designing 
and  SapeTvlsiiig  Engineer,  u  well  aa  Contractor  in    most   inatanues.     In  general. 
make  a  specialty  of  both  Engineering  and  Constructing  work,  or  Engiaeering  work 
Hlone,  in  this  branch  of  tlie  professlun. 

IjEart,  George,  C.E., 1891. 

43  E-  Twenty-fifth  Street,  New  York  City. 
Lbavb\8,  Habry  Wenmah,  E.M.,  ....     1875. 

Salt  Lake  City,  Utah. 
LeBoutillier,  Clement,  Ph.B., 1881. 

High  Bridge,  New  Jersey.  ' 

1884-7,  'Aaaiataut  Chemist,  Cambria  Iron  Co.    18K7-93,  Chemist,  Eltxa  Farnace. 
March,  '92,  to  dat«,  Chemist,  Taylor  Iron  and  Steel  Company. 

Lederle,  Ernst  Joseph,  Ph.B., 1886. 

Assiatant  Cheniiat,  New  Yiirk  City  Health  Dept.,  42  Bleecker  St.,  and 
]20  W.  90th  St..  New  York  City. 
1886-87,  Hun.  Fellow  Quant.  Anal,  and  Aasiat.  Intr.  Gen.  Chemistry,  School  of 

Mines.  1887-88,  Chemist,  Cranmoor  Farm,  Tom's  Hiver,  N.  J.  1888-89,  Aset,  Chem- 
ist, New  Yorfc  City  Health  Dupt.  1890-91.  Chemist  and  Supt.,  Reed  A  Carnrick,  New 
York.     1891-!I2  ns  above,  spcciultiee,  food  and  food  preparation g. 

Ledoux,  Albert  Reid,  M.S.,  Ph.D.  (Associste),      .        .    1874. 
LcUoux  &  Co.,  9  Cliff  Street,  New  York  City. 
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Lee,  Geoboe  Babstow,  E.M., 1886. 

Rio  Orande  SmellinK  Co.,  Socorro,  New  MeKico,  and  71  E.  Eighty- 
fourth  Street,  New  York  City. 
1S65,  Atuyer  in  Batte,  Montona.    I886-18S7,  AmAjei,  Kbiibbs  City  Smelting  and 
Refining  Co.    1887  to  date,  Amistuit  Superintendent,  Bio  Qnnde  Smelting  Co., 
Hocorro,  New  Mexico. 

Legoett,  Thomas  Haight,  E.M., 1879. 

Standnrd  CoDBolidated  Mining  Co.,  Bodie,  Mono  County,  Cat.,  and 
310  Pine  St.,. San  Francisco,  Cal.  ;  bIbo,  18  Broadway.  N.  Y.  City. 

18S0,  AsHiatant  EajciQcer,  New  Vork  Bi  ver  and  Harbor  SurveyH.  18S1'1883,  SnpeHn- 
tnndent  of  Mininft  Properties  iu  the  Batopilas  District,  Chihnabua,  Mezluo.  1881, 
Travelling  in  the  West,  throagli  Che  principal  Mining  Camps,  Butte,  Leadvllle,  etc. 
I884-J887,  Mining  EDRineer  to  the  New  York  and  Hondaras  Boaario  MLninjt  Co.,  at 
Sua  Jnaucito.  Honduras.  1888,  Manager  of  Madeill  Mining  Co.,  Fairplay,  Colo.;  of- 
fice, 23  Backlerahury,  London,  E.C.  1889-lBBO,  General  Manager,  Darien  Gold 
Mining  Co.,  Ltd.,  or  Cans,  Bep.  of  Colombia,  and  86  King  St.,  Hanchester,  England. 
1891-93,  Preeident  and  Manager  Standard  Consolidated  Mining  Co. 

Lenox,  Lionel  Remond,  Ph.B., 1888. 

Assistant  Profesaor  Chemistry,  LeUnd  Stanford,  Jr.,  University,  I'alo 

Alto,  California. 

After  three  yean'  work  in  the  School  of  Mines,  and  previous  to  my  senior  year,  I 
was  respectively  in  :  188T,  three  months  Asaistaiit  l^emleC  to  Falton  Sugar  Reflnery. 
I8ff7.  sii  months  Asststant  Chemist  to  Bethlehem  Iroa  Co.  1888-89,  Inatructor  in 
Qualitative  AuelysiE  and  Assaying,  Lehigh  University.  1889-91,  luBtrnctor  in  Quan- 
titative Analysis  and  lodustiial  Chemistry,  Lehigh  University.  1892-93,  Chemist, 
Bureau  of  Ordnance,  Washington,  D.  C 

Levy,  Albert  Lr.so)LN,  E.M., 1890. 

Fischel  &  Levy,  Hartford,  Conn. 
LiBBMANN,  Alfred,  C.E., 1893. 

2ft  East  Seventysecond  Street,  New  York  City. 
LlLLIENDAHL,  ALFRED  WHIPPLE,  E.M.,  ....      1883. 
Superintendent,  Mazapil  Copper  Co.  (Ltd.),  Concepcion  del  Oro,  Ea- 
tado  de  Zacntecas,  Mexico  and  82  Danforth  Avenue,  Jersey  City,  N.  J. 
1883-S5,  AsBiBtant  Supt.  Aurora  Smelting  and  Refining  Co.,  Aurora,  III.     188.5-87, 
AsBistant  Snpt.  Grande  Hilling  and  Beflning  Co.,  Guan^uato,  Mexico.     1888-93,  Su- 
perintendent of  the  Mazapil  Copper  Co.,  Ltd.,  O>ncepciou  del  Oro,  Zacatecas,  Mexico. 

LlLLIENDAHL,  Frank  Armstrong,  EM.,        .  .    1891. 

Assistant  Superintendent  and  Metallurgist,  Mazapil  ConperCo.  (Sta.), 
Concepcion  de]  Oro,  Estodo  de  Zacaiecas,  Mesico,  (via  Laredo,  via 
Saltillo),  and  82  DanfoKh  Avenue,  JerseyCity,  N.  J. 
1891-93,  as  above. 

LiLiENTHAL,  JoHN  Leo,  E.M.  (Life  Member),  .         .     1870. 

.  1918  Jackson  Street,  San  Francisco,  Cal. 
1871,  Assistant  in  Laboratory,  Prof.  Chandler,  School  of  Mines.    Assistant  in  Field 
Work,  Prof.  Newberry,  Ohio  Geological  Survey.    Aflsistaot  iu  Lecture  Boom,  Prof. 
Joy,   Coianihla   College.    Assistant  in   Metallurgical    Laboratory,   Prof.   Egleston, 
School  of  Mines.    18T2-1891,  Mercantile  Buaiucai,  Sau  Francisco. 
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LrLLrE,  Samuel  Morris,  E.M., 1874. 

328  Cliestnut  Street,  Phi  lad  el  phi  ft,  Ph. 
1874-75,  Cliciiilflt.Klnjn  County  ReflniiiK  Co..  Qreeii  Point,  L.I.  1876-8^  Chemisl, 
Franklin  Sacar  Reflnery,  Philwlelpliii",  Ps.  188B-1SS7,  8u««r  Enicliieer  and  Chemist. 
Idea  lS39and  1S9D,  Vici^.Preaiduntand  Mana)ier  of  "The  SuRar  .^pparatoB  MaiiDfac- 
tuHiig  Co.,"  a  Cnnipan;  0Tgani7j;il  tiiider  tlie  Lttwa  of  PBiinsylvaiiiB,  to  operate  under 
Ilia  patents.    1^91.  President  of  Baiil  Company. 

L1PP8,  Hesry,  Jr.,  C.E., 1888. 

R&D.  R.n.,  Box  14,  GrwiiBborn,  .V.  C. 

From  Jnly,  1888.  to  August,  1H8»,  Ashi:  tiiiit  Engineer  Haint  at  Way.  Dep.  R.&.D. 
R.R.,  W.  N.  C.  &  Va.  Mid.  Div.  AuRnst.  1889,  to  January,  1890,  Siiiiorviaor  Track. 
N.  C.  Div.  B.  A  D.  R.E.  JanusTy,  1S90,  to  date.  Eugiueer  Maint.  of  Way,  N.  C. 
Div.  E.*D.  R-E. 

Little,  ■WiiJ.ARD  Parker,  E,M.,  Ph.B 1881. 

Architect,  28  West  Twenty-TliirJ  Street,  New  York  City. 
LiviNGSTO!*,  Archibald  Rooers,  C.E.,  ....     1891. 
333  Miinroe  Ave.,  Scranton,  Pa.,  aod  20  North  WashiQirlnn  Square, 
New  York  City. 
Since  November,  1891.  in  employ  of  LackawHiina  I.  &  S.  Co.,  Scranton,  Pa. 

Ix)NOACRE,  Lindsay  B.,  M.E., 1892. 

Spnylen  Duyvil,  N.  Y. 
Lord,  Frederick  Reuben,  CE,, 1892. 

,  Staten  Island.  N.  Y. 

Love,  Edward  Gurley,  A.M.,  Ph.B.,  Ph.D.,         .        .     1876. 

Qae  Examiner,  Department  Public  Wurka,  and  69  East  Fifty-fourth 
Street,  New  York  Cily. 
Lddlow,  Edwin,  E.M , 1879. 

Sopci'iiitendentCliotitawConland  Railway  Company,  Hartehurn,  ludian 
Territory. 
1879-81,  Aasistjint  Engineer  in  charge  of  hydrotrrapliic  work  on  Delaware  River, 
under  U.  S.  Eiigiueer.  18S1,  Assistant  Eiitrineer  Mexican  National  Ruilroad,  Mexico. 
IH'^-S9,  Assistant  Superintendent,  then  Superintendent,  Tor  Pennsylvania  Ballnud 
coal-minee  at  Shaniokin.  Pa.  1889  to  date.  Superintendent  of  Mines,  Ciioctaw  Coal 
and  Railroad  Company,  Uartaborn,  Indian  Territory. 

LuquEH,  Lea  McIlvaise,  C.E., 1887. 

Tutflr  in  Minei-alogy,  School  of  Mines,  N.  Y.  City,  and  Bedford,  N.  Y. 

Summer  of  J8M7,  ABsistant  In  Geodetic  Surveying  with  Professor  Hoes.  Summer 
of  18S7.  Assistant  in  Surveying  witli  Professor  Monroe.  Summer  of  18i^,  Assistant 
iu  Qeodetic  Surveying  witli  Professor  Rees.  1887-90,  Fellow  in  Mineralogy,  School 
of  Mines.  18MI.  Assistant  in  Mineralogy,  Svhool  of  Mines.  1891  to  date,  Tutor  in 
Mineralogy,  School  of  Mines. 

LcQCER,  Thatcher  Taylor  Payne,  C.E.,  E.E.  (1892), .     1889. 

45  Broadway,  N,  Y.  City,  and  618  Henry  St.,  Bruoklyn,  N.  Y. 

1890,  Fellow  in  Eugineering.    1890-91,  Fellow  in  Surveying  and  Practical  Mining. 

1891.  Assistant  in  Mining,  Columbia  College,  Svliool  of  Mines.     1892,  with  H.  Ward 

Leonard  &  Co.,  New  York  City.    1K93,  Engineer,  Union  Electric  Co.,  N.  Y.  City. 
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I.usK,  Graham,  Ph.B.,  Ph.D.  (Munk-h,  i891),        .        .     1887. 

Assistant  Professor  of  Physiology  at  tlie  Yale  Medicul    School,   New 
Haven.  Conn.     Address:  47  Kast  Thirty-fourth  Street,  N.  Y. 
leST-lBSa,  student  at  Munich.    1869,  Student  Ht  Municl> ;  also  at  Bellevue  Hos- 
pital Medical  CnllcKe,  N.  Y.    1890,   Studied  at  Bellevue;  afterwnrdfl  in  Hanich. 
1891,  Studied  at  Muolcli ;    and  mta  1al«r  appointed  Instructor  of  Physiology  at  tfae 
Yale  Medical  School.     JS93,  Assistant  Profiasor  of  PhyBiology. 

Lditgbk,  Ebebhaed,  Ph.B., 1884, 

Wissahickoii  Chemical  Works,  Awbler  and  Chclt«n  Hills,  Wyncote 
P.O.,  Pft. 
ieS4'a5,  Assistuut  ChemiBt,  Crane  Iron  Company.  Catasauqua.  Fa.    168.^1  to  date, 
Chemist  and  ManoRer,  Keasbey  &  Mattisoii's  Cbemical  Works,  Ambler,  Pa.    Specialty, 
nianufacture  of  magnesia.  i 

Lyman,  Frank,  A.B.,M.E., 1878. 

3J  Bulling  Slip,  New  York  City,  and  50  Keniaen  St,  Brooklyn,  N.  Y. 


McCoLLOir,  Erwin  Austin,  Ph.B.,         ....     1878. 

Glericoe,  Md. 
McKenna,  Chables  Francis,  Ph.B.,     ....     1883. 

J.  J.  McKenna  &  Bim,  Braaa  Founders,  424,  426  East  Twenty-third 
Street,  and  ]44  West  Ninety-nintli  Street,  New  York  City. 

1883-84,  Chemist  Haveoieyer  Sugar  SeRniug  Company,  Jersey  City,  X.  J.  1885-aS, 
Chemist  Cambria  Cnnipany,  Juhnstown,  Pa.  18ST-90,  Chemist  Edftenater  Lime 
Works.  EdRBwater.  N.  J.  ISM,  Chemist  Jas.  J.  McKenna  &  Bros.,  Brass  Founden, 
431,  426  East  Twenty-third  Street,  New  York  City. 

McKiM,  Robert  Albert,  C.E. 1884. 

Room  213.  2S0  Broadway,  and  9  East  Tenth  St.,  New  York  City. 

Assistant  Enftiueer  on  New  Croton  Aqueduct.  (Entered  Aqueduct  Engineer  Corps 
as  aiaiuman,  in  Febmary,  lS8,'i.) 

McLaughlin,  Charles  Swain,  Pu.B 1884. 

874  Broadway  and  2041  Fifth  Avenue,  New  Yoric  City. 
MacKa YE,  Ha RoiJ)  Steele,  C.E, 1887. 

Westinghousc  EleoTric  Mfg.  Co„  Pittshurgh,  Pa. 
Three  months'  work  in  New  York  Harbor  In  Army  Corps  of  Engineers.    One  year's 
employoient  In  the  Office  of  Patent  Solicitors.    1889-fti,  actiog  as  Fourth  Assistwit 
Examiner  of  the  U,  S.  Patent  Office. 

MacTbagub,  John  Joseph,  E.M., 1883. 

Mexican  Ore  Company,  EI  Paso,  Texas. 
Maclay,  James,  C.E., 1888. 

Tutor  in  Mnthenintics,  Columhia  Collef^e,  and  ST  Union  Street,  New- 
ark, N.  J. 
Mahoky,  Arthur  Stcabt,  E.M., 1889. 

ai  West  Ninety-fourth  Street,  New  York  City. 
18B0,  First  Assistant  General  Manager  of  the  New  Birmlogbam  Iron  and  Land 
Company.    1891,  TreHsurer  of  the  same  comiiany,  also  Chemist  to  the  Tassie  Belle 
Furnace,  New  Birminghani,  Teiaa. 
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Mankbeiii,  Heruakn  Charles,  E.M.,  .  .    1887. 

St.  LouiB  SmeltiiiK  and  Refininf;  Company,  Hunard  Station,  St.  Louis, 
Mo.,  trid  70  Warren  Street,  New  York  City. 
Mannheim,  Paul  August  Luuis,  E.M.,  ....     1885. 

TJnited  Smelling  &nd  Refining  Company,  East  Helena,  Montana. 
MAJiifi,  Leon,  E.M 1885. 

]2  Eaet  Forty-aiith  Street,  New  York  City. 
Mahbh,  John  Bolun,  E.M., 1887. 

Chief  Engineer  Indiana  Bridge  Co.,  and  616  E.  Adams  St.,Munde,  Ind. 

Augnst  t,  18H7,  to  Ante,  as  above. 

Martin,  Edward  Ward  (Associate),       ....     1877. 
Chemist,  Board  of  Health,  301  Mott  Street,  New  York  City. 

Massa,  Charles  Gr[8Vold,  C.E 1889. 

Cliief-Engineer'B  Office,  P.  R.R.,  Pa.  Ave.,  Pittoburgli,  Pa.,  and  Fort 
Lee,  N.  J. 
Oct.  1SH9  to  dale,  on  railroad  and  street  railway  cooitraction,  aod  miieellaDeoDg 

Massa,  Lodis  Ferdinand,  C.E., 1890. 

School  of  Mines,  New  York  City,  and  Fort  Lee,  N.  J. 
Octubor,  1890,  to  1SD3,  shop  practiue.  Maryland  Stael  Works.at  Sparrow's  Point,  Md.. 
as  follows :  October,  1S90,  to  July,  1S91,  Maclilne-sliap  practice.  Jaly,  1B91,  to  Sept., 
l)ffil.  Bessemer-mill  Conatniction.  Sept.,  181)1,  to  Sept.,  1892,  Bessemer  Rail-mill  and 
Koll-boase;  Mechanical  and  Metallurgical  Eiigineering.  October,  ltj92,  to  date.  Post- 
graduate Electrical  Gng.  at  Cilambia  College. 

Mathis,  Theophii.us  Smith,  E.M.,         ....     1879. 
Engineer  or  Mines,  and  U.  S.  Surveyor  General's  Office,  and  529  East 

St.,'Salt  Lake  City,  Utah. 
From  January,  1890,  to  February,  1H9I.  Assistant  DraaglitsmaD  U.  S.  Surveyor  Gen- 
eral's Office,  Salt  lAke  City,  Utah.    Sioee  Feb.,  1B91,  Cbief  Drougbtsmau  of  Mineral 
Division  of  said  Office,  and  still  holds  that  position. 

Mayer,  Ralph  Edward,  C.E., 1879. 

Tnatructor  in  Mechanical  Drawing,  School  of  Mines,  Columbia  College, 
New  York  City. 
Meibsnbr,  Carl  August,  Ph.B.,     .....     1830. 

Vanderbilt  Steel  and  Iron  Company,  Box  867,  Birmingham,  Ala. 

One  year,  Aaaistaiit  ChemUt  Joliet  Steel  Company,  Tbree  yare.  Chemist  and 
Assistant  Superiutendent  Brier  Hill  Iron  and  Coal  Conipany,  Yonngatown.  Obto. 
One  and  a  half  years,  Head  Chemist  Joliet  Steel  Company.  Three  years,  Manager 
SCerliiijt  Iron  and  R'wy  Comr«ay,  Sterlington,  N.  Y.  At  presdht.  Vice  President 
and  General  Manager  of  tbe  Vanderbilt  Steel  and  Iran  Company,  Birmiugbam,  Ala., 
after  having  persoDally  organiaed  this  company. 

Melliss,  D.  Ernest,  A.M.,  Pa.D.  (Associate),.        .        .    1868. 
Price's  Building,  524  Sacramento  Street,  San  Francisco,  Cal, 

Student  regular  courst.  three  years,  School  of  Minos.  AfCerwards,  two  and  a  half 
years  University  of  Goettingen.  graduating  Pb.D,,  in  1S69.  One  year  ut  UniTenity 
uf  Vienna.  Since  then,  constantly  occupied  in  civil  and  mining  engineering.  In 
18T3,  was  Chief  Engineer  in  ebarge  of  Topographical  and  Oeologin^  Survey  of  Guano- 
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cute  an<l  Nicojk  foi  the  Costa  Bicaa  OoTemmeiit.  In  1881,  Conanlting  Engineer  to 
the  Pacific  Oas  Ligbt  Compttii?,  of  San  Fnnciaco,  Biid  in  ita  Interest  Btudied  Clie  dif" 
ferent  gu-maklng  systems  in  the  United  States.  England,  France  and  Belgium. 
Have  made  plani  for  and  erected  numerous  gold,  silver,  copper  and  lead  minen. 
Planned  the  Union  Iron  Works  ot  San  Francisco,  and  anperintended  their  construc- 
tion ;  also  the  Arrtic  Oil  Works  and  severnl  other  iaduatrial  establisliments  on  the 
PacificCoaat.  Designed  and  bailt  the  Maaitlin  Water  Works  in  Mesico;  the  Hy- 
draulic Press  Brick  Works,  of  California,  the  largest  establishment  oF  its  claaa  on  the 
Pacific  Coast.  Four  years  in  Central  America  and  Meiico.  Was  Administrator  of 
San  JosA  de  las  Bocas  and  Consulting  Engineer  to  Gnadalupe  de  los  Heyes.  the  most 
successful  silver  mine  of  Sinaloa.     Am  now  Consulting  Eugineer  iu  San  Francisco. 

Merrili.,  Frederick  James  Hamilton,  Ph.B.,  Ph.D.,  .     1885. 

Sute  Museum,  and  2  Sprague  Place,  Albany,  N.  Y. 
lSS>-87,  Assistant  on  the  Oeological  Survey  of  New  Jerat^y.    1886-90,  Fellow  in 
Oeology,  Columbia  College.     1880  to  date.  AssiEtnnt  State  Geologist  and  Assistant 
Director  of  the  New  York  State  Museum,  Albany,  N.  Y. 

Mbrbitt,  James  Haviland,  Ph.B.,  .\.M.,       .        .        .     !880. 

ColunibiaCul.,  School  ofMioca,  and  3  Monroe  Place,  Brooklyn,  N.  ¥*. 

From  1881-1BS8,  Chemist  to  the  Bradley  White  Lead  Co.    In  1889.  entered  tlie 

School  of  Mines  as  Post  Qraduate  in  the  coarse  of  Architecture.     1892-S3,  Arohitec- 

taral  Study. 

Mbuwin,  Hdbbht  John,  E.M., 1879. 

Care  Cba.'i.  Seymour,  Kiioiville,  Tenn, 
Mebz,  Eugene,  M.E., 1892. 

Bos  216,  and  143  Littleton  Ave.,  Newark,  N.  J. 
Meserole,  Walter  Moxpurt,  C.E 1881. 

Engineer,  Atlantic  and  Van  Siclen  Avenues,  Brooklyn,  N.  Y. 
1881,  TransitmaD  and  Topographer  Continental  Railway  Co.  1881-83,  Assist.  Eng. 
In  Construction  N.  V-,  WeatShoreand  BuBTalo  Ry.  1884-85,  Division  Engin'r  Mainten- 
ance of  Way  ;  I8b5,  Chief  Engineer  Calskill  Mtn.  and  Oiiro  Builway.  1885,  In  charge 
Topographical  .Snrvey  for  Kings  County  Charities'  Commission.  1886  to  date,  In 
General  Practice,  located  at  Brooklyn,  N,  Y.  Specialties:  Improvement  and  Devel- 
opment of  Beal  Eslate  and  Surveying  for  Legal  and  Construction  Purpoeea;  City 
!4urveyar  of  the  City  of  Brooklyn  ;  Chief  Engineer  South  Brooklyn  R.  B.  and  Ter- 
minal Company,  German  •American  Improvement  Co.,  and  Hancock  and  State  Line 
Hallway  Company. 

Meyer,  Herman  Henby  Bernard,  E.M.,                       .    1885. 
539  W.  Twentieth  Street,  New  York  City,  and  162  Heywood  Street, 
Brooklyn,  N,  Y. 
Surveying,  Field  and  Office  work  at  Pelham  Park,  Westchester  Co.,  July  to  No- 
vember, 18&1. .  December,  18Sr>  to  date,  Engineer  for  Oregon  Iron  Works,  New  York  ; 
designing  and  erecting  machinery  for  manufacturing  illuminating  gas. 
MiDDLETDN,  JoHN,  C.E., 1887. 

3.W  Clermont  Avenue,  Brooklyn,  N.  Y. 

Miller,  Charles  Lewis,  E.M 1885. 

Illinois  Steel  Company,  3179  Ashland  Avenue,  and  3609  Ellia  Avenue, 
Chicago,  III. 
1886,  Assistant  Chemist  Edgar  Thomson  Steel  Works,  Braddock,   Pa.      1886-87, 
Chemist  and  Assistant  SnpL  Carbon  Iron  and  Pipe  Co.,  Perry  ville,  Pa.   1867-90,  Supt. 
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The  Mi«sonr1  Furnace  Co..  SL  LouU,  Mo.    1890  to  date,  Supt.  Blut  Funiice  at  Union 
Works  of  IlliDoia  Steel  Co.,  Chiotfo.  III. 

Miller,  Charles  Watts,  E.M. 1884. 

Box,  401,  Aspen,  Colo. 

lRS4-lMri3.  HcUllargicat  EugiDevr  Beds  Bronie  and  Iron  Works.  1885-1866.  As- 
aayer  and  Cheniiet.  Aspen,  Colo.  1U»6-1S»1,  Hinhi);  EuKiueer  and  United  State 
Deputy  Mlueral  Surveyor.  Aapeu,  Colo.    Uerit^^  miuitiK engineering  busiuesa. 

Miller,  Edmund  Howd,  Ph.B.,  A.M.  (1892),.        .        .     1891. 
As.si!ttaiit  in  Assaying,  Culuiubia  College  Sclioul  of  Mines,  and  West 
Nyack,  N.  Y. 
18fti-H3,  as  above. 

Miller,  Rudolph  Philip,  C.E., 1888. 

BoK  35.^,  Richmoni),  Va. 
18B8-18G0,  Asaislsnt  to  E.  H.  W.,  1890  to  date.  Supervisor  R.  and  D.  Riii)iray. 

MiLLiREN,  George  Fanshawe,  E.M.,     ....     1879. 
Land  DepRrtment,  N.  P.  R,  R.,  Taconia,  Wasli,,  and  Union  l.eague 
Club.  New  York  Ciiy. 
1879-1880.  SnperinleTidcnt  "  Milton  HiniuK  Company."    1880-18.-^,  Qenenll  Mana- 
ger "  Chester  Mining  Conipany."    1883-1887.  In  Oeuenil  Consulting  Practice  as  Di- 
lilneer.    I88T- 1890,  General  Manager  "CosU  Rica  Mining  Co.,  Ltd."    1890  to  date. 
Consulting  Engineer  Nortliem  Pacific  Ballroad. 

MoFFATT,  Edward  Stewart,  A.B.,  A.M.,  E.M.,     .  1868. 

President  and  General  Manager  Lackawanna  I.  &  S.  Co.,  and  300 
Qiiincy  Ave.,  Scranton,  Fo. 
ForamoDtli  or  so  during  Summer  of  18r>8  worked  at  Blast  Fui'naees  or  Bethieliem 
Iron  Co,  During  SiBUions  of  I8«H-186»  and  1869-1870  wili  Adjunct  Proreaaocaf  Min- 
ing and  Mttallurgj  at  Lafayette  College.  Eaaton,  Ph.  From  1870-1872,  Engaged  in 
Engineering  and  MtUUurgicHl  Work  in  Northern  Ken  Jersey.  From  18T!S-1S'K. 
was  Manngei'  of  Port  Oram  BlasI;  Fnrnace,  New  Jersey.  From  1878-1878,  Superin- 
tending Construction  of  Sccaucjs  Blast  Furnace.  From  1878-1883.  was  Manager  of 
the  Blast  Furnace  and  Mines  of  the  Musconetcong  Iran  Co.  1882-1880.  Superintend- 
ent of  Blast  Furnaces  and  Assistant  General  Manager  Lnckawanna  Iron  and  Coal  Co. 
18-fi-1891,  Oenenil  Manager  Lackawanna  Iron  and  Coal  Co,  From  Jannary  1, 189'. 
General  Manager  Lackawanna  Iron  and  Steel  Co.,  the  new  company  which  has  been 
formed  by  consolidation  of  Lackawanna  Iron  and  Cual  Co.  and  Scranton  Steel  Cn. 
Oi^tober,  lH9-i,  to  date,  as  above. 
MoLDEHNKE,  RicHARD  Georoe  Gottlob,  E.M.,  PlI.D., .     1885. 

McConwuy  &  Torley  Co.,  Forty- eighth  Street  ond  A.  V.  R.R.,  and 
164  Home  Street,  PittsburKli,  Pa. 
188.'>.  '8(j,  '87.  Three  Summer  seasons  with  United  States  Coast  and  Geodetic  -Sur- 
vey, New  York  and  Philadelphia  Harbors  and  Cape  Cod.  Mass.,  Hydrfgraphic  Wori. 
Triangulation,  Levelling,  etc.  18W.VI886,  Winter,  nine  montlis.  SndWary  BnpiBwrlsj, 
Inspector,  etc,  New  York  Associntion  fur  Improvement  of  Condition  of  Poor.  1687 
-188B,  Electrical  Eiiginieriiig,  five  months  Mining  Engineer  Sprague  Electric  Bailway 
and  Motor  Co.,  aeven  months  Mechanical  Engineer  Crock er-Wbeeler  Motor  Co.,  Ave 
montiis  experimenting  on  patents  taken  out.  1889,  Man nfactn ring  for  myself.  Spe- 
cialty in  Machinists'  Tools,  IB.8I)-1890,  Proressor  Mechanical  and  Electrical  Engineer- 
ing Michigan  Mining  School,  Houghton,  Mich,  1890  to  date,  Engineer  HcCon nay  ft 
Torley  Co.  (Manufacturers  Janiiey  Coupler,  M.  C.  B,  type).  In  addition  to  reguhlT 
Engineering  Work  of  Manufacturing  Plant,  conducting  Metallurgical  Investigations 
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in  line  of  Ualleabllzation  of  Caitiron.    Speciultica:  UallcKbllied  Cast-iron  and  Oil 
Fuel  Qua. 

MoNELL,  Joseph  Thompson,  C.E., 1889, 

Columbia  College,  and  23G  W.  Twenty-Beooiid  Street,  New  York  City. 
1891.  ElectriealEnKiiieeTiDg.  CartiB  Electrical  Hfg.  Co.     1692  to  date,  Tatar  In  Aa- 
tronoiDjr,  Colnubiu  College. 

Montenegro,  Manuel  Rafael,  E.M  ,  .        .        .        .    1890. 
3-^  Broadway,  New  York  City. 

Mora,  Mariano  Luia,  C.E., 1891. 

Columbia  Collejce,  School  of  Mines,  New  York  City. 

MoRAN,  Daniel  Edwaiid,C.E., 1884. 

SooyFiuith  &  Co..  2  Nassau  Street,  and  26  W.  Eighteenth  Street,  New 
York  City, 

MoHOAN,  Lancaster,  Ph.B 1888. 

Hudson  River  Chemical  Works,  47  Fulton  St.,  and  68  Madison  Ave., 
New  York  City. 
Morgan,  William  Fbllowes,  A.B.,E.M. (Life  Member),     1884. 
Brooklyn  Brid|:c  Freezing  and  Storasc  Co.,  Arch  4  Brooklyn  Bridge, 
New  York  Ciiy.  and  Short  Hills,  N.  J. 
1884-1886,  Buuhing  Hiid  BrokEruge.    188U  to  date,  aa  above. 

MuRBK^,  GouvERNEOR  William,  B.M.,  .        .        .        .     1878. 
Meyera,  Rulherfurd  &  Co.,  58  Wall  Street,  and  123  W.  Thirty-fourth 
Street,  New  York  City. 
Banker  and  Broker. 

AIuSLKV,  Richard  Keeler,  Ph.B.,  ....     188<.t- 

Architect,  19  W.  Twenty- f.mrih  St.,  N.  Y.  Ciiy.  and  139  Glenwood 

Avenue,  East  Orange,  N.  J. 

From  June,  I8SH.  to  January,  1HH3,  worked  as  DnufElitsmaD  in  the  Offices  of  S.  J. 

O'Connor,  Uirr>!re  &  UiutingB,  and  RichanI  H.  Hum,  oC  Nuw  York,  and  Beoj.  BilU- 

man,  of  Toiiliets,  N.  Y.    8incc  Jsuuiuy,  ISfKI,  prautieini  Arubitucture  independeutly 

at  the  above  addreea. 

MosEa,  Alfred  Josei-h,  KM.,  Ph.D.,      ....     1882. 
Aclj.  Professor  Mineralogy,  Columbia  College  School  of  Mines,  New 
York  City. 
1683-1685,  Asaistant  in   Mineralogy,  Scliool  of  Mines.    1863-1890,  Instraetor  in 
Mineralogy  and  Uetullurgy.    1890  to  date,  Adjunct  Proreasoc  oC  Mineralogy.    Man- 
aging Editor  School  of  Minbb  Quabtbrly. 

MuLFOUD,  RoiiEUT,  E.M., 1884. 

Mt.  Vernon,  N.  Y. 
1S90,  AssiBtaDt  Bn  peri  u  ten  dent  Bio  del  Oro  Gold  Co.,  Argentine  Republic,  8,  A. 
18S1,  Uondnras? 

MOller,  George,  Ph.B.,  1887, 

Chemist,  care  Puget  Sound  Rednctiun  Co.,  Everett,  Washington. 

MuNoz  DEL  Monte,  Adolphu  Carlos,  C.E.,  Ph.B.,        .     1888. 
Chestnut  Hill,  Vhiladelpliia,  Pa. 
Retnmed  from  Europe,  November,  1892,  where,  from  Jane,  1801,  travelled  as 

"  McKiin  Fellow  iu  Areliitecture." 
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MuNEOE,  Heitry  Smith,  E.M.,  Ph.D.,    ....     1869. 
PrureBsor  Mining,  Columbia  Cullege  School  of  Mines,  and  45  Sidney 
Place,  Brooklyn,  N.  Y. 
1869-1870,  Post  Qraduato  itudenl  in  Cliemiitr;  and  Eoonomic  Oeotogy,  Srhool  of 
MInte.    1870-lSTl.  AwisUDt  OmltiRlst  Ohio  Sut«  (leologiol  Sarve;.    lBTO-1872.  Aa- 
aisUnt  ChemlaC,  Department  of  Agri culture.  Waabington,  D.  C.     1872-1871),  Aaaist- 
ant  Oeologiit  and  Mining  Engineer,  Geological  Survey  of  Yeddo,  Japan.    l?7!i-lS7S, 
Proresior  of  Geolagy  and  Mining,  University  of  Tokio,  Japan.    1B77-1891,  A^Janct 
Profeaaor  of  Surveying  and  Practical  Mining,  and  1891,  FrofeiHor  of  Mining. Scliool  of 
Mines  Colombia  College,  New  York  City.    Specialties,  Economic  Geology,  Ore  Dress- 
ing, and  Mining  Engineering. 

MuKROE,  Oti8  Mortimer,  Ph.B., 1879. 

Banker,  Be  Soto,  Mo. 
MuNSELL,  Charles  Edward,  Ph.B.,  Ph.D.,  .        .  1878. 

Assistant  Chemist,  F.  W.  DeVue  &  Co.,  100  Horatio  Street,  New 
YorkCity,andRye,  N.  Y. 
November,  1868.  nitb  A.  £.  Foote,  Mineral  Dealer,  Philadelphia.  March,  IB79, 
withT.  A.  Edison,  Henia  Park,  N.  J.  Hay,  1879,  Chemist,  Buabwick  Chemickl 
Works,  Brooklyn,  N.  Y.  October,  1879,  Stencilogmpher  and  Celestyper,  School  of 
Mines,  N.  Y.  January,  1880  to  December,  1885,  Milk  Inspector,  \e<r  York  City 
Health  Department.  July,  ISBl  to  May,  1883,  State  Milk  lospnctor.  New  York  State 
Board  of  Uealtb.  January,  lg.S6  todate.  Analyst  and  Assistant  Cbemist  F.  W.  Devoc 
A  Co.,  and  C.  T.  Eeynolds  Co.,  New  York  City.    Specialty,  Paints  and  Colors. 

MuBPHY,  Henry  Morgan,  E.M-, 1878. 

Murpliy  Vanii8hCo.,ClieBtrnt  and  McWhorter Sireeta,  Newark,  N.  J. 
Murphy,  John  Glbnville,  p;.M.,C.E., .        .        .        .     1877. 

Times  Building,  New  York  City. 
Assistant  Superintendent  Orinoco  Eiplorlng  and  Mining  Co.,  Gold  Mine.  Assist- 
ant Superintendent  Callao  Quid  Mining  Co.  Territorial  Otolojtiat  of  Wyoming.  Su- 
perintendont  Esmeralda  Mining  Co.,  Black  Hills,  DAkotu,  Outd  Mine.  Superintend- 
ent New  York  and  Lee  Mountain  Syndicate,  Montana,  Lead-Silver  Minrs.  Has 
made  professional  examinations  In  nearly  alt  purtji  of  the  United  States,  the  Pachuca 
Silver  and  Jugnann  Copper  Districts  in  Mexico,  and  two  and  half  years  ago  mode  a 
six  months'  trip  in  Colombia  and  Ecuador. 

N. 

Napier,  Arthur  Howell,  E.M., 1S81. 

Sanitary  Engineer,  Lincoln  BIdg.,   1  Union  Square,  West,  New  York 
City,  and  179  HanieoD  Street,  Brooklyn,  N.  Y. 

1S84,  Sanitary  Engineer  and  Inspectorfor  New  York  State  "TenementHonseCom- 
mission  "  and  New  York  -  Society  for  Improving  Condition  ot  Poor."  1885-1889, 
-'Assistant  Sanitary  Engineer,"  New  York  Health  Department.  1889  to  date,  Fnc- 
ticiug  as  Sanitary  Enginter,  New  York  City. 

Navarro,  Juan  Adalbertu,  C.E., 1880. 

Hacieiida.ds  San  CriBlobel  Acnmbara,  Elatado  de  Quaniu'aato,  Mexico, 

and  care  Mexican  Consul  General,  .35  Broadway,  New  York  City. 

1881-1883,  Civil  Engiuecring  Course  in  Pulytechnicna],  Hanover, Germany.    1883- 

1884,  Meiiean  Government  Commissioner  to  study  railway  aystems  of  Eorope.    19^ 

-1886,  Railroad  Inspector  in  Interoceanic  Railroad,  Mexico.     18^9-1887,  .distant 
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1879. 
1869. 
1878. 
1884. 

Sae,  Aasiitant  Snperin- 


Compller  of  Memoir  publiibett  by  DepartmeDt  of  Public  Works  {FammlD),  MexICD'. 
lfi97todttte,  Euginiwr  Id  diii^e  of  Sarveys  aud  Bepreoeat&tlve  io  Chlopu  oftlio 
Mexican  I^nd  end  Culonixatioo  Co. 

Neptei,,  K>]OttT,  C.E.,  Ph.D., 1879. 

116  Broadway,  New  York  City. 
Nesmith,  Jau£8,  E.M.,    .... 

356  Henry  Street,  BrooLl.vn,  N.  Y. 
NETTkE,  Lionel  Bobert,  E.M., 

AddreBB  uokuown. 
NeWBEBRY,  SPBNCEE  BAtED,  E.M.,  Ph.ik, 

ProfesBor  Clieniiatry  Cumell  University,  Itliaca,  • 

KEWBERBr,  \VoL430TT  ElY,  E.M.,     . 

Goloradu  Springs.  Colonicto. 
106-1886,  Hetallurgist,  Cass  Oninde  Co.,  Ariroi 
leadent  Cananea  Hg.  Oa..  Sodutk.  Muxico.  188S-IS87,  Super  ia  tend  en  t  Argeii 
MiniDg  Co.,  As[>eL,  Colo.  1887,  Qeiienl  Manager  Aspen  Mg.  anil  Smelting  Co.,  Ab- 
peo,  Colo.  1888  to  preaeat  time,  General  HiinBger  Enterprise  Mg.  Co.,  Aspen,  Colo. 
Saperintenden  t  Aapea  Contract  Mg.  Co.,  Aapou,  Colo.  Saperintendeut  Hatoal  Beoellt 
HiuiDg  Bud  Hilliog  Co.,  Aapen,Co1o.  1893,  Oeneral  Manager  IsabellaGnld  Hiulug 
Company,  Cripple  Creek,  Colorado.    1893,  as  ubove. 

JJewbrouqh,  William,  A.B.,  E.M.,        ....    1884. 

128  W.  Thirty-fourth  Street.  New  York  City. 
Newuuusb,  Edqab  LiEBER,  E.M., 1886. 

75  and  77  Worth  Street,  New  York  City. 

NuBLB,  LouiB  Spencbb,  E.M.,         .        ...  .     188ik 

76  W.  Nioetieth  Street,  New  York  City,  aiid  J^ndville,  Col. 
1885-1889,  UlniDg  Engiueer  to  Iran-Siiver  Mg.  Co.,  and  NUi  Prim  Cooa.  Hg.  Co., 

of  LeadTJIle.  Culo.  Also  during  1889  Consulting,  Reporting  and  LAn-«Dit  work  oa 
otiier  Colorado  propertiea.  1889-1891),  Saperintendeut  of  Miuea  and  Utning  Eu- 
gineei  to  Couatancia  Mining  and  Smelting  Co.,  at  Sierra  Mojada,  Cmhuila.  Mexico. 
1890-1891,  Mining  Engineer  on  Law-auit  preparation,  with  Bloe  Bird  Hilling  Co.. 
Ltd.,  or  Batte,  Montana.    Specialty,  Lead,  Silver  and  Qold  Uiuca  and  Hiolng. 

Nolan,  Thomas,  M.S..  Ph.B., 1884, 

Architect.  503  Wilder  Building,  Rwjheater.  New  Yoric. 

NoRBis,  Dudley  Hiram,  E.M.,  .        .        .    I&V7. 

Address  unknown. 

KoBBifi,  KoBBRT  Van  Ar<ualb,  ELM.,    .        .        >        .     1885. 
Assistant  Engineer,  P.  R.  R.,  Dept.  of  Anthracite  Coal,  Erst  NatioDul 
Bank  Building,  mid  T  S.  Franklin  Street,  WilkeBbarre.  Pu. 
1885,  Aislstaut  in  Practical  Mining  and  Surveying,  Sctiool  of  Minea,   U.  S.  Inepectlii: 

of  Dredging,  in  chartre  of  Mauricu  Eiverlnipros'BniBnt,  Millvllle.  S.  J,     1886,  Chem- 

lat.  Herman  Behr.  Manufactnreror  Colors,  Brooklyn,  N.  Y.   June,  1886,  to-date,  AaBlmt- 

ant  Euglaeer,  PeDnajlvauia  Railroad.  Dejiartiitent  of  Autlincite  Coal  Collleriee.    Spe- 

eialty,  Heebaiiical  Engineerlug  of  Collieries. 

NoRTo.v,  LuciE.1  Ht'LLEy,  E.M.,.    .....     1886. 

Sliiigo  Smelting  Cu.,  Sandy,  Utah,  and  12a  E\iivSeld  Avenue,  Bridge- 
port, Cunn. 
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'  IRST-iaw.  Engineerlni;  Office,  N.  r„  N.  H.  ft  W.  R.  R.  Etperlenee  In  Kailnnd 
ConBtructioa.  Location  and  Preliminary  SMrvefs,  Office  Work  taA  Oencrat  Survej- 
iiig.  1890,  Aswj-eraud  EngiDeet  10  Wmt  ludian  Mew  Gold  UinlugCorpontion.&ii 
Domingo,  West  Indies.  Experience  in  Free  Melting  of  Guld-ores.  Assaying,  Sarve;- 
ing.  etc.  Jaouarj,  1891-93,  Ansajer  Toi  Daly  MlrinB  Co,  Park  City,  UUh.  Ej- 
perience  in  Assaying,  General  Analyses.  Also  Leocliing  of  Bilver-oree  by  tlie 
Ran«ll  Process.     1892  Ui  date,  a«  above. 

No%E!»,  James  Atki.\8,  Ph.B.,  A.  B.  (Harvard,  '83),  (Life 

Menilwr), 1878. 

74  SpnrlcR  St.,  Cambridge,  Mase. 

Nkyes,  William  Skaats,  E.M., 1875 

8hnfier,  Presidio  County,  Texas. 
1877-IH79,  Aasaycr  for  McCrackin  Hining  Co.,  Uohave  Co..  Arizona.  1879-1681, 
Foreman  of  Bodie  Mill,  for  Bodle  Coal  Mining  Co.,  Bodie,  Cbl.  1881-1H83,  Eismining 
Mines  for  Snn  Francisco  Capilalists,  18H3  to  prewnt  time,  Saperinteudent  of  Pr- 
aidlo  Mining  Co..  and  Tho  Cibilo  Creek  Ulll  and  Mining  Co.,  Shafter,  PraidiuCo,. 
Texaa. 

Nye,  Alvan  Crocker, -Ph-B  , 1884. 

Hsyden  Furn.  Co.,  1  West  Thirty -fourth  St.,  and  107  E.  Sevenlietli 

Street,  New  York  City. 

1884-85,  Draughteman,  C,  C.  Haiglit,  Architect  New  York  City.    1885-90.  Derigner 

and  Head  Drauglitsman,  Herter  Brothers,  New  York  City.    ISUO  to  date.  Furniture 

Designer  and  Architect,  The  Tiffany  QIan  Co.,  New  York  City.  1892,  Chief  Designer 


(VCoNsOR,  Michael  Joseph,  E.M.,  Pe.B.,      .  .     1881. 

Anihiiecc  (1884),  28  W.  Twenty  tliird  Street,  New  Yurk  Cily. 
O'Connor,  Thomas  Devlin,  Ph.B.,        ....     1881. 

O'Coiiiioi-  &  Klliutt,  16  Exchange  Place,  and  12  K  Forty-rourth  Street, 
New  York  City. 
OixoTT,  Ebek  ERftKiNB,  E.M., 1874. 

Mininj;  and  Metallurgical  Engineer,  IS  Broadway,  and  38  W.  Thirty- 
ninth  Street,  NeW  York  City. 
1K74~T5,  Chemist  to  the  Ore-Knob  Copper  Co  ,  in  cb^tgB  of  Hunt  ft  Douglasa  Pro- 
fens.  1875-T<J,AsHlB[antSupt  Penua.Leadai.'sWorhB,Hui»fie1d  Valley.  Pa.  187S-Te, 
Awistsnt  Supt,  Orinoco  Exploring  and  Mining  Co.,  at  their  Gold  Mines  in  Veoeuiela. 
lrrr8-T9,  Supt.  of  the  same.  18TB-M1,  Eiamtning  Mines  in  Colorado,  Utah.  Nevada 
and  California,  for  New  York  Investors.  1(181-8.^.  Supt.  St.  Helena  Gold  Mines.  Si>- 
nota,  Heiico,  1883.  opened  office  in  New  York  as  CouBUlting  Engineer,  and  since 
then  has  been  engaged  as  Consulting  Mining  and  Hetallnrgical  Engineer,  in  Pen, 
Republic  uf  CuiombiB,  Dulch  and  British  Guiana,  Mexico,  Britieb  Colambia,  Ontario. 
New  Brunswick,  and  the  United  States. 
OoTHOUT,  Edward  Austin,  E.M., 1882. 

41  Liberty  Street,  New  York  Cit.v. 
Ohmsbee,  James  Jackson,  E.M., 1886. 

The  Sequncliee  Valley  Coal  and  Coke  Co.,  Pikcville,  Bledsoe  County 
Tennessee. 
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1886-91,  Mining  Englne«Tat  Tracy  City  MineB,  of  Tenneuee,  Coal,  Iron  and  Bail- 
Toad  Co.  1891  to  date,  Saperiatendeat,  Thomaa  Coal  Uioes,  of  Tennessee  Coal,  Iron 
and  Ballrood  Co.,  Whitwell,  Tenn. 

OsTERHELD,  Theodore  W.,  E.M., 1886. 

Franklin,  Pendleton  Co..  West  Viu,  and  Yonkere,  N.  Y. 

AHstslant  Snperinteodeut  ot  B lust- furnaces,  F.  S.  Co.,  ISSOSI.  General  Foandry 
Fractice,  Wortbington  P.  Works,  18ff7-88,  Owoer  of  Fouoary  and  General  Iron 
VToTks,  1888-69.  Vice-President,  Petidleton  HlnlnfE  Co.,  and  Consulting  Engineer, 
IS8S,  '90,  '91,  and  Qeneral  ConsnlCing  Engineer,  Iron  and  Coal  Specialty,  and  Metal- 
lurgist of  Iron  and  Piaished  Manufacturing.  Interval  of  1!«80-9],  of  the  months 
December  to  May,  Boperintending  Constructiou  of  RoDing  Mil],  Sontiiwest  Virginia. 
Specialty,  Coal  and  Iron  of  the  Vii^inios.  Preaident  of  tlie  Southern  Beducing  Co., 
Experts,  Cbeniista  and  Mining  Engineers. 

Owen,  Frederick  Nash,  E,M., 1878. 

Civil  anj  Sunitary  Kngincer,  58  W.  Ninety-first  Street,  New  York  City. 


Page,  Geoeqb  Stephen,  E.M.,        ...        .      ■.        .     1885. 

Black  Diamond  Steel  Works,  Park  Bros,,  Pittsburgh,  Pa. 
Page,  William  Stevens,  E.M 1882. 

Aqueduct  CoBimiBsioner,  Sine  Sing  N.  Y. 
pAiHTEB,  Charles  Albert,  E.M.,  ....     1884. 

J.  Painter  &  Sons,  Pitlsburgfa,  Pa. 
Painter,  Geobqe  Edwards,  Ph.B 1883. 

P.  G.  Bos,  1458,  Pitlsburgli,  Pa. 
Parker,  Andrew  McClean,  E.M,,        ....     1880. 

Assistant  Engineer,  Dept.  of  Docks,  Pier  A,  New  York  City. 
Parker,  Herschel  Clifford,  Ph.B.,    ....     1890. 

Dept.  of  Physios,  Columbia  College,  New  York   City,  and  21  Ft. 
Greene  Place,  Brooklyn,  N.  Y. 
1890-m,  Fellow  in  Physics,  Assistant  Instructor,  Conrse  in  Physical  Heaaure- 
■nents.    1S9]-(I3,  Assistant. 

Parker,  Richard  Alexander,  C.E.,     .....    1878. 

East  Ohio  Street,  Marquette,  Mich. 
1ST8'79.  Assistant  Superintendent,  Montezuma  Silver  Mining  Co.,  Montezuma, 
Colo.  1880-81,  Surveyor  at  Georgetown.  18S1-82,  Chief  Dmughlaman,  Meiicaii 
Natl-  Cons.  Co.,  Laredo,  Texas.  1883-84.  Eiamiiiing  Mines  in  Colorado.  Utah  and 
Idaho  mainly  188!>-8e,  Superintendent,  ACIanU  Hill  Gold  Co.  Also  Huperiutendeut 
of  the  Big  Lode  (Gold)  Co.,  Atlanta,  Altuias  Co.,  Idaho.  1887  to  date,  Resident  Mana- 
ger and  Agent  for  Samson  Iron  Co.,  Imperial  Iron  Co.,  and  Barasa  Iron  Co.  Also  Con- 
sulting Mining  Engineer.  Specialties,  Gold  and  Silver  Mining  and  Hilling,  ai>d 
Iron-ores. 

Parks,  Jous  Eandolph,  E.M., 1880. 

Helena,  Mont. 
Consalting  Mining  Engineer. 

Parraoa,  Charles  Frederick,  C.E.  (Life  Member),     .     1883. 
58  Williani  Street,  and  145  W.  Nineiy-aeventh  Street,  New  York  City. 
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I8>^-^,  Iiispcclor  or  ConKmctlon  oT  Bridjies  and  ^BailiDod  HiitfiiiB)  in  Europe. 
18H4~86,  RuilTOAd  Eiiglueer  Id  ColnmblH,  3.  A.  IBST  todate,  Opnenl  Expert  Basj- 
iien.    1891,  Dulegate  from  Coltmibla  to  the  lutcr-Coutloeatal  Railiraj  Comminiou  at 

WaahiDgtoii,  D.  C. 

Paerot,  Edward  Moore,  E.M., 1870. 

Ontario,  Wsyne  County,  N.  Y. 
Parsons,  George  Howland,  E.M. 1868. 

Colorado  Springs,  Colg, 

1870  to  IHHO,  Id  NnrHir;  Buinefli  at  Flueliiog,  L.  I.  1880  to  praront  time.  Seen- 
tar7  aud  Qenertil  Manager  of  the  Tbe  Colorado  Springs  Co.,  «Dd  of  The  National 
l^nd  and  ImptDvenient  Co.,  of  Colorado,  with  Ceotfal  Offle«  in  Colorado  Spring*. 
Experienced  JD  the  deTelopmenl,  improvement  nnd  B*le  of  land*  in  Colorado,  espe- 
ciatly  in  and  around  Colorado  Springs,  Msnitoa  and  |pD«blo,  also  in  irritation  worki 
and  giowtb  of  trees  in  Bocky  Mountain  regiou.  Speciklty,  luveBtments  in  Seal 
Estate,  Mortgages  and  Mines  iu  Ctdorado. 

Parsons,  Henrv,  C,E., 1888. 

Viee-prcaident  City  and  Suburban  Ry.,  Savannah,  Ga.,  and  1033  Mad- 
ison Avenue,  New  York  City. 
Parsons,  William  Barclay,  A.R,  C.K,        .        .        .     1882. 
22  William  StrMt,  and  5t  East  Fifty-third  Street.  New  York  City. 
1881,  Engineer  nil  location  Amst.  npi  Pine  Creek  Bailroad.    Engineer  Hoesborg 
Coat  CompBny.     18(12,  entnrad  aervice  Erie  Railway,  Haintenaace  of  W»y  Degwrt- 
ment.     IBSri,  roaifiued  from  Erie  and  commenced  prsctioe  in  New  York  sa  roasulUng 
engineer,  with  railways  and  water  works  as  specialties.    Hare  been  connected  aittcp 
then  with  fallowing  works  (among  ocben)  ob  Chief  or  Conaolting  Engineer-.  Fort 
Worth  and  Rio  Grands  RiLilnay,  Senera  and  Suranton  Railway,  Amit.  and  Fine 
Railway,  Sandnaky,  AsUiind  and  Aeliurta  Ballwa.T,  St.  Lvnis,  Alton  and  Springfield 
Railroad,   Loulsiuiia,  Arkansas  and  Missouri   Railroad;  Stevens  Point,  Vickiburg, 
Corry,  Kent,  Pine  Bluff,  Natchei,  Hempstead,  l^rrytown  water  works,  etc. 

Payne,  Clabknce  Qdintabd,  E.M.,       ....    1882. 

130  Liberty  St.  and  9  W.  Thirtieth  St.,  New  York  Ciiy. 
pEABiB,  Chaki-es  Fowleb>  E.M., 1884. 

Box  3T4,  Helena,  Mont. 
Peck,  Staunton  Bijx>dgood,  C.E.,  M.E.,  .        .    1886. 

Link  Belt  Mndiinoiy  Co..  Thirty-ninth  Street  and  Stenart  Avenue, 
Chicago,  III,  and  111  Eiist  Thirty  fourth  Street,  New  York  (Sly. 

One  and  a  half  years  Hecbanii^i  Engineer.  Burr  &  Dodge,  Pliiladelphia.  Two 
years  Assistant  Cliief  Engineer  Link  Belt  Engineering  Company.  Philadelphia.  Sliico 
IdSS,  AssieUnt  Cliief  Engineer  Dodge  Coul  Storage  Compiny.  Since  1890  and  at 
present,  Chief  Engineer  Unk  Belt  Machinery  Conipauy,  Chicago.  Specialty,  hand- 
ling materials  iu  bulk  or  package  and  power  transmisalans. 

Peelb,  Robert,  Jr.,  E.M., 1883. 

Adjunct  Professor  of  Mining,  School  of  Mines,  Culuiubia  College,  New 
York  City. 

ieS3,  Asaayer,  Diaijcnolle  Reduction  Works,  Clmriottc,  N.  Carolina.  188S-S4,  As- 
sayer  and  Askislant  Supt.  Silver-King  Mining  and  Milling  Co.,  Montemmo,  Colorado. 
lr-M-86,  Foreman,  Dry-crushing  anri  A m at hb mating  Silver-nitll,  Silver-King  Mlninic 
Co.,  Pinal,  Arizona.  li~86,  went  to  England  to  examine  systema  of  Sewage-dispml 
uted  iu  iulaud  towns.    l^friT,  Profe^Hional  work  as  Assistant,  in  New  York  aud  Ari- 
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ZAna.  1888.  Examining  goM-mines  In  Bepablic  of  Colnmhiii.  S.  A.  Sn]>t.  MailB<U 
Mininit  CO.,  Ltd.,  Fairplay,  Colorado.  EinminatiouB  and  Ore-tMting  on  Copper  and 
Tin  Properties,  New  Heiico  and  North  Carolina.  1889,  Examining  Gnld-plawis, 
Datrh  Ouians  and  Sontb  America.  18d9-90,  Snpt.  Oregon  Gold-mining  Co.,  Cornu- 
copia, OrCKon.  IBiW-SB,  Eiamining  Silver-,  Tin-,  and  Gold-minm  in  Peru,  Bolivia, 
and  Bepnbllc  of  Colombin,  6.  A.,  for  the  Peruvinn  Exploration  Syndirate,  Ltd.,  Lon- . 
don.and  Linui,  Peru.  1892,  Adjunct  Prof.  «t  Mining,  School  of  Mines,  Columbia 
Odlege. 

PfiLLEW,  Charles  Ersest,  E.M., 1884. 

College  Plij^icians  and  Surgeons,  437  West  Fifly-nintli  Street,  tnd  51 

Eost.  Fifty-fourth  Street,  New  York  City. 

18A4-B5,  studied  chemistry  at  Lehigh  Univcnity  and  Bethlehem  Steel  Worlia 
1886-8T,  stnfiicd  theniiitry,  physics,  microscopy  and  Uwteria  at  School  of  Mines  and 
al  College  Phjrsicians  and  Surgeons.  Private  Assistant  to  ProfesHOr  Chandler.  IS87 
to  date,  InBtrnctOr  and,  later,  DenxiDStrHtor  in  Physlce  and  Chemistry  at  College 
Ph^icians  and  Sarseons.  Hon.  Fellow  in  Applied  Cliemistry,  School  of  Min«8. 
Also  in  general  cliemical  practice  with  Professor  Chandler  (as  partner).  Specialty, 
cliemica]  and  other  expert  work,  incladtng  medical  and  sanitary  questions,  t,f.,  tox- 
icology.    Also  as  patent  expert  in  cliemicat  and  physical  sulijects. 

Pesnisgtos,  Joseph  Piipe,  A.M.  (Associate),  .  .  .  1868. 
40  Wall  Street,  New  York  City. 
Assistant  Engineer  E.  T.  V.  t  Q.  B.R.  1861-83,  Engineer  Tombstone  Hill  and 
Mining  Company.  1883-84,  I880  tt  leq..  railroad  eanstrnetion  with  general  con- 
tractors. Assistant  Secretary  Lonisvilie,  St.  Louis  and  Texas  Bailway.  Previous 
responsibilities  in  connection  with  life  insurance  interests. 

Perkins,  Thomas  Slade,  Ph.B. 1888; 

Ninth  Street  and  tiownnoa  Canal,  9outli  Brooklyn,  and  39  Garden 
Place.  Brooklyn,  N.  Y- 
1889  to  date,  New  York  Tartar  Company. 

Pierce,  Frederick  Emery,  C.E., 1893. 

New  Jersey  Steel  and  Iron  Co.,  Trenton,  N.  J.,  and  22  W.  Forty-fifth 
Street,  New  York  City. 
Learner  in  Bessemer  Mill,  Maryland  Sleet  Co.,  Sparrows  Pt.,  Maryland.  Dcangbts- 
man,  New  Jersey  Steel  and  Iron  Co.,  Cooper,  Bewitt  &  Co.,  New  York  City. 

PisTOR,  William,  E.M. 1868. 

Arcliitect,  No.  I  Madiaon  Ave.  and  201  W.  Fifty-fiftli  St.,  N.  Y.  City. 
PiTKiK,  Ldcius,  A.B.,  Ph.B-, 1881. 

138  Pearl  Street,  New  York  City. 
1881-^,  Chemisi  to  Lanrol  Hill  Chemical  Works,  of  Nichols  Chemical  Company. 
Heavy  chemicals,  especially  sulphnric  acid,  1885  to  date.  Analytical  and  consulting 
Chemist,  at  above  address.  Specialty,  in  consulting.  Uanufactare  of  acids  and 
heavy  chemicals,  treatment  of  pyrites  and  copper  smelting.  Analytical  work.  Gen- 
eral, but  special  experience  In  argentiferous  and  auriferoas  copper-ores  and  products. 
Microscopical  and  experimental  investigations. 

PuLi.EDO,  YsiDORO  Ygnacio,  E.M.,  ....     1886. 

Santa  Barbara  Suitar  Works,  Euro,  and  Apartado  1 6  F. ,  Mataneae,  Cuba. 
Porter,  Henry  Hobart,  Jr.,  E.M.,        ....     1886. 

Westingliouee  Electric  and  Mfg.  Co.,  120  Broadway,  and  42  East 
Forty-first  Street,  New  York  City. 
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1886-87,  Fellow  in  Qeolojty.  80I100I  of  Mines,  Columbia  Colleite.  ISH7-fi8,  Snr- 
veyor  and  Araayer  Mexican  Ore  Company,  Sierra  Mojada,  Moiico.  188S-8P,  Anaii- 
tant  HiDiuK  Engineer  Batopllas  Milling  Compaoj.  Batopilig,  Heiico.  1889-90,  Sut- 
reyoT  and  Auayer,  Etaqacanu  Hiniiig  Company;  AsaiBtaiit  Saperintendent,  Ray  & 
Poorman  mine  examinations,  aani*  cnmpanj;  Aeslatent  8n pet iu tends nt  Sierriu 
Conuty,  Ariaina.  same  company.  1890-91,  Euglueet  witli  C.  W.  Hnnt  Compauy. 
18B1-93,  Westlnghoase  Electric  and  Mfg.  Co. 

Porter,  John  BoNSALL,  E.M.,Ph.D.,     ....    1882. 
C.  H.  &  D.  R.B,  Co.,  Cinoinnnti  and  Glendsle,  0. 

Assistant  EiiRinecr  and  Expert  Id  tests  of  metals  fur  Tarions  railways  and  cerpnri. 
tians.  Lecturer  on  Meciianical  Engineering  and  Metallurgy  in  Uuiversilj  nf  Cin- 
cinnati for  some  years.  At  titesentand  for  several  years  past.  Engineer  Haiuteoance 
of  way,  C  H.  &  D.  B.B.  Hrsl«ni.    Hcndquarters,  Ciucianati,  O. 

Post,  ABaAMSKiDMORB,  C.E. 1884. 

Great  Neck,  N.  V.,and  ITJMadiaon  Avenue,  N.  Y.  City. 

'Post,  Albertson  Van  ZojCE., 1889. 

45  Wall  Street,  and  4  Eagt  Sixty-second  Street,  New  York  City. 
1889-90,  Division  Engineer,  conetroction.  Ballimore  and  Eiistern  Shore  Bailrowl. 
1891  to  date,  with  the  Builroad  EquipmeDt  Company,  of  45  Wall  Btreet,  New  York 
City. 

Potter,  Wiixiam  Blebcker,  A.B.,  E.M.,  .    1869. 

Professor   Motallurjcy  and  Mineralogy,  Washington  University,  St. 
Louis,  Mo. 

Powell,  Frederick:,  A.B.,  E.M., 1883. 

Address  unknown. 

PowMRH,  Loma  J..  Jr.,  E.M., 1884. 

Connecticnt  River  Pnper  Company,  Holyoke,  and  4  Matfoon  Streel, 

Springfield,  Mna>4. 

ISaj,  Superintendent  Vermont   (imstruction   Company,  St.  Albans,   VL     IS?S, 

Superintendent  Standard  Palp  Company,   Springfield,   Mass.     1887-88,   Assiilml 

Superintendent  Union  Hanuractoring  Company,  Holyoke,  Mass.    18S8  to  date,  .^gfiil 

Connectleat  River  Paper  Company,  Holyoke,  Mass. 

PflESTOs,  William  Evan,  C.E., 1889. 

U.  S.  A.  Builijing,  39  Wliitelidl  Street,  and  1427  Washington  Avenut. 
Newark,  N.  J. 
1889  to  date,  sohmarine  blasting  and  dredging  for  U.  S.  harbor  work  with  giapplo, 
divers  and  centrifugal  pump. 

Provost,  Akdrew  Jackson,  Jr.,  C.E.,     ....    1889. 
Municipal  Building,  and  403  Washington  Avenue,  Brooklyn,  N.  T- 

ISi^  to  date,  Aasiataut  Engineer  la  Sewage  Coastraction,  Department  City  Works, 
Brooklyn,  N.  Y. 

B. 

Randolph,  John  C(K)perF.,  A.B.,  A.M.,E.M.,      .        .    1869. 

Consulting  Mining  Engineer,  120  Broadway,  New  York  City. 

Graduated  :  Princeton,  1866,  and  School  of  Mines,  New  York  City,  1908.    186S-JJ. 

ill  Qermany,  service  of  U.  9.  Oovt.    1ST4,  in  service  Japanese  Qovt.    1804,  inCentnl 

China  for  a  Chinese  Syndicate.    18K7,  Resident  Manager  of  Lft  Plata  Mines,  BepaUic 
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or  Colombia.  S.  A. ;  Natinnal  Commiuioiipr  of  Minn  for  Tulima,  Republic  of 
Colombia.  S.  A.  IHOO.  Resident  MankKer  in  Bornpo  of  Barneo  Dimiiaod  Riolontioii 
Synilicale.  Ltd.  Fur  23  yparaaetivvlir  eiifiaged  in  Prnfes^ioosi  Work  iu  tlie  Uultwl 
States,  Mpjtico,  etc.  At  different  timea  Member  of  Council  and  Vice-president  of  tlie 
American  Inatitnte  of  Miiiiiift  EnKineers.  18H1,  sick.  lf»i,  all  the  year  fn  Hczluo 
itnd  Colorado.  1H83,  in  Bonoraand  Virginia. 
RANI>r>LP[r,  jAME-i  FiTZ,  B.S.,  E.M.,  ....       1876. 

Comniunipaw  Caal  Co.,  Ill  Broadway,  New  York  City. 
RaYMON-D,  RdBERT  Ma TTHEW,  A.  B.,  E.M.,      .  .     1889. 

Diamond  (R)  Mining  Co.,  NeihHrl,  Mant- 
1880-82,  jVsaistanC  Assayer,  State  of  Hnine   Assay  Office,  PortUnd,  Me.     188^-86, 
AH»ypT  and  Aaeistout  Su[wrint«ndent,  Haile  Gold  Mine,  S.  C.     1886-89,  School  of 
Minea.    1889-90,  Asenyer  Hnd  aftermrdB  AssiBtHUt  Snperiiitendunt,  Montana  Smeltiog 
Co.,  Great  FallB,  Moiit.  1891,  Sa  per  in  ten  dent,  Tlie  Diamond  Mining  Co.,  Neihart.  Mont, 

Raynor,  Rosseli,,  Ph.B., 1889, 

25  E.  One  Hundred  and  Tenth  Slre«t,  New  YorkCity. 
Sept.,  1889,  to  AoK..  1891,  ClieTDiat.  with  Martin  KalbflHiadi  Soiia  Co.    Sept.,  1891, 
to  April,  1892,  Asalitant  Cliemist,  Berber  Asphalt  Co. 
Rbckuakt,  D.aniei.  William,  E.M.  (Life  Memlter),  1884. 

Reckhardt  &  Heckelman.  Assaycre,  Boi  88,  El  Paso.  Tosae. 
Reckhardt,  George  Frederick,  C.E.,  .        .        .     1892. 

C.  E.,  500  W.  Tliirty-fiflh  Street,  New  York  City. 
Reed,  Sylvanus  Albert,  A.B..  A.M.,  E.M.,  Ph  D.,        .     1877. 

Traders'  Building,  Chicugu,  and  UtiivtreityClub,  New  York  Cit.v. 
1878,  Serretary  to  Aasintant  Canimiuioner  Ueneral,  Purls  Exposition.  1ST9,  Lec- 
tnr«d  on  Chemisirf.  Reported  on  Mines  in  Colomdo.  1880-81,  Superintendent  and 
part  Proprietor,  Bamplintc  &nd  Concentration  Works  in  Colontdo,  and  Ri^ported  on 
Hines  there  and  In  Idaho  and  in  the  Snnth.  188A,  Consulting  Practice  in  New  York. 
Patvnt  Expert  work  and  on  Dredging  in  New  York  Hnrbor.  1886-91,  Snperintend- 
ent  Inspection  Daparlinent  ot  Fi^  Inannince  Co.  (Common wealth,  of  New  Yorkt. 
1883,  Expert  for  New  Insurance  Rating,  MercAiitile  Section  of  Boston.  May,  1893, 
appointed  Manager  Western  Faitocy  Insurance  AsBocistion, 

Rbbb,  Benjamin  Frankmn,  E.M,  ....     1874. 

IT  Ferry  St.  and  I42S  Broadway,  N.  Y.  City,  and  Ghatlanooga,  Tenn. 
At  Hilwankee,  Wis.,  in  Seal  Estate  business,  IST5  to  18TB.    Since  1S73  eugaged  in 
the  leather  bosinesa. 

Rees,  John  Krom,  AB.,  A.M.,  E.M,  (Life  Member),         .     1875. 

Prof.  Geodesy,  Practical  Aatronoiity,  and  Director  of  Observatory, 

Columbia   College,  and  1  W.  Seven ty-eeconil  Street,    New  York 

City. 

Assistant  iu  Hathematlcs,  School  of  Mines,  18T3-T6.    Profesaor  of  Astronamy  and 

Mathematics,  Washington  Unlvenity.  St.  Louis,  Mo.,  1876-81.    Member  Fort  Worth 

Solar  Eclipse  Party,  July,  1878.    Instruotor  in  Qeodesy,  etc.,  Columbia  College,  1881- 

82.     Adjunct  Professor  in  Geodesy,  etc.,  Colombia  College,   1882-84,     Professor  in 

Qeodesy,  etc,  Columbia  College,  1884  to  date.     Director  of  Observatory.  Columbia 

College,  1881  to  date.   Chairman  of  Board  of  Editors,  ScuooLor  Hikes  Qdakterlv, 

1883-00. 

RBHAnLT,  George,  C.E., 1883, 

61  Irving  PIsee,  New  York  City. 
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Restkepo,  Camiia)  CLAunio,  E.M.,  C.E 1887. 

D.  DelaBtro  k  Co.,  54  Willinm  St,  nnd  Box  1609,  New  Tork  Citr. 
Rhodes,  Francis  Bell  Forsyth,  E.M.,         .        .        .    1874. 

Nationnl  S.  &  R  Co.,  South  Chicngo,  Til.,  and  Quebec,  C&nad*. 

Hny,  18T5,  to  December,  1876,  Surveying  Corps,  Coxs  Brag.,  Drjftoii,  P*.  J&DIU17. 
1877,  to  May.  187S,  Auistiint  Superintendent,  Soutli  Amerlcau  Mining  Ca..  TeneraeU. 
November.  1878,  t«  June,  187S,  Working  at  Lew)  Uine.  Ckoada.  October,  IB7P.  to 
April,  leSO,  Lsborer,  Outorio  Mill,  Park  City,  Ut»li.  April,  18S0.  to  Joly,  1881.  AsUt- 
ant  Superintendent,  Minge  FarniuM  Co.,  Utali.  Aaguat,  1881,  to  Jaoaary,  18^ 
Awintaut  Superintendent  St.  Helena  Mine,  Sonora,  Mexico.  Jannary,  IBr% 
to  April,  1883.  Auiatant  Superintendent,  Tombatone  H.  and  H.  Co..  Arikina.  May. 
1S8-1,  to  December,  1883,  Superintendent.  Ramsliam  Smeltinic  Fnrnace,  Idalia.  Jao- 
uary,  1884,  to  Hay,  1B85,  AaalsMut  Superintendent.  Hinge  FumaeB  Co.,  Ctab.  June 
1885,  to  December.  1863,  Foreman  of  Blast-furnace  Department,  Kknau  City  3.  and 
B.  Co.  October,  1986,  to  December,  1BS9,  Superintendent,  Chicago  Works,  Cbicago 
and  Aurora  S.  and  B.  Co.  Jannary,  IS90,  to  dat«,  Suparinteiident  NatioDal  S.  ud  B 
Co.,  Soutb  Chicago. 

Rhodes,  Robert  Ddnn,  E.M., 1879. 

Supt.  Arknnuia  Vallej'  Smelting  Worlcs,  Leadville,  Col.,  and  Box  726, 
Quebec,  Canada. 
ISTQ-SO,  Foreman,  Geruutnia  Smelting  Co.,  Salt  Lake  City.  1880-82,  NIgbt  Foce- 
roaii,  Ontario  Silver  Mining  Co.,  Pork  City,  [Jtah.  1882-83,  Superintendent.  Tomb- 
Kone  U.  and  M.  Cn.  Seduction  Works,  Charleston.  1883-64,  Hill  Forenun,  St 
Helena  Gold  and  Silver  Mine,  Sonera.  1881-85,  Anaistant  Superintendent,  Klling 
Smelter,  New  Ueil™.  1885-88,  ABaiaMnt  Superintendent,  Viola  H.  and  8.  Oo.,  Idaho. 
1887-88,  Aa&taUnt  Superintendent,  Anglo-Ueiican  Mining  Co.,  Yednu,  Meiieo.  1889 
-91,  Oeneral  Snpcrintendent,  Dnqneane  H.  and  R.  Co.,  and  Sierrita  County,  Ariwni. 
1891-92,  Englnoor  FraserACbalmers,  City  of  Uezico.    1892-93,  Supt.  aa  above. 

Rice,  George  Samuel,  Jr.,  E.M., 1887. 

WhiC«brea8t  Fuel  Co..  119  S.  Market  S^,  Ottumwa,  Iowa. 

1838,  AwiaUnt  Field  Engineer,  Colorada  &  UUh  Railway.  1888-89,  Asiiatut 
Mining  Engineer  of  Colorado  Fuel  Co.  1890  to  date,  Mining  Engineer  of  Wbltdtreut 
Fuel  Co. 

Rich,  Jacob  Monroe,  E.M.,  C.E.  {Life  Member),    .        .     1883. 
50  W.  Thirty-eigbth  Street,  New  York  City. 

Pursniiig  further  atndiee  since  graduation. 

RtCHARDSON,  John  Clarence,  E.M.,  C.E 1883. 

Address  unknown, 
RiCKBTTS,  Pierre  DEPEysTER,  E.M.,  Ph.D.,  .        .        .    1871. 
Professor,  Analytical  GlicmiBtry,  Columbia  College,  School  of  Mina, 
and  US  K  Seventy-ninth  Street,  New  York  City. 
1868,  Assiat&nt,  Odneral  Chemiatry,  Gnluinbia  College.    1871-72,  Aaaiatant  in  UId' 
eraloxy  and  Metallurgy,  School  at  Hinea.    1872-75.  Aaaistant  in  Attaytng,  School  of 
Minea.    1875-80,  Instructor  In  Assaying,  School  of  Mines.    1888  to  date.  Frofeoor  of 
Aawying,  School  of  Mines.    Since  graduation  also  engaged  in  general  Uetallnigical, 
Chemical  and  Mining  Engineering  work. 

RiusDALB,  Thomas  Wbddle,  E.M.,        ....    1883. 
H.  R.   Worthington,    145  Broadway,  New    York   City,  and   Monl- 
clair,  N.  J. 
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AwittAnt  Saperlntendent  of  the  Bab;  DuraiiEo  Mine,  and  Wilder-MacdonaM  Oon- 
CentratinK  W11  to  1B84.     SaperiatendenC  of  the  Wilper-Mncdooald  Mill,  1881.    From 
18B3  with  the  WorthinstoD  Pumping  Engiue  Co.    From  June,  1S89,  u  Becretftry  of 
the  Co. 
Ribs,  Hbnby,  Ph.B., 1892. 

202  West  Siity-Eret  Slreet.  New  York  City. 
R  )ii»BR,  Frederick,  B.S.,  E-M., 1884. 

240  Wast  1301b  Slreet,  New  York  City. 
RooEBs,  Oscar  LEGARfi,  Ph.B,  (Arch.),  ....     1889. 

No.  1  Mndison  Averaeand57  West  Eighty-fifth  Street,  New  York  City. 
1880-93,  iu  Earope.    1893,  Architect  u  above. 

RoLKBR,  Charles  M.,  E.M.  {Life  Member),  .  .  .  1875. 
18  Bmadway,  New  York  City. 
I86S-70,  At  Roj-al  School  of  Mine*,  aausthal,  Oennany.  18TI-7S.  Working  praoti- 
rally  in.  Iron  Mines  of  Hibeniia  and  Mt.  PletuULnt,  N.  J.,  Wi>con«in  Lead  Mines  and 
Iron  uineB  of  Lake  Snperior.  1872-75,  At  School  of  Mines,  Cnlambin  Colletre.  1870, 
Aswyer  at  Allonez  Copper-dressing  Workn,  Lake  Superior.  18T7.  Mining  Eii);iDeer 
to  the  Mariposa  Land  and  Miniu);  Co.,  Mariposa  Co.,  Cal.  (Oold|.  1878,  Superintend- 
ent, Brooklyn  Company.  Waihoe  Co.,  Nevada  (Baas  Metal),  1879,  Superintendent. 
Stormont  Silver  Co.,  Silver  Beef  (Silver).  1880-83,  General  Manager.  Chrysolite  S. 
Mr.  Co.,  Leiulvitle,  Colo.  (Lead  CMrbanatu).  Since  then  to  date,  in  General  Con- 
aulting  Practice  as  Mining  Encineer  and  Metallurgiat,  Examining  Mines,  Mills  and 
PlHcera,  In  the  United  States,  Old  Uaiico,  Csntral  America.  South  America  and  East 
Indies.    Specialty,  Precious  and  Base  Metale  other  than  Iron. 

Rood,  Roland  Gh>nvERNEUR,  Ph.B. 1884. 

Care  Prof.  0.  N.  Rood,  Columbia  College,  New  York  City. 
Rosenthal,  Albert,  C.E.,     ......     1892. 

East  River  Bridjiie  Co.,  103  BroadwAy,  Brooklyn,  N.  Y.,  aod  158  East 
Seventy-ninth  Street,  New  York  City. 
Rowland,  Charles  Bradlkv,  C.E.,       .    '    .        .        .    1884. 
ContinentAl  Iron  Works,  Brooklyn.  N.  Y..  and  329  Madison  Avenue, 
New  York  City. 

Rowland,  GB0KaE,C.E., 1887. 

Cuntinental  Iron  Words,  Brooklyn,  N.  Y.,  and  329  Madison  Avenue, 
New  York  City. 

RiJpp,  Philip,  Ph.B.,  M.D., 1884. 

84  Second  Avenue,  New  York  City. 
1884-87,  Student  in  Medicine,  College  of  Phyalolans  and  Surgeons,  N.  Y.    1887-88, 
House  Physician  and  House  Surgeon,  St.  Franuia  Hospital,  N.  T.    1388  to  date,  Prac- 
tielnft  Physician.  ^ 

Rdttmann,  Ferdinand,  Jr.,  E.M.,         ....     1880. 

M  Broadway,  New  York  City. 

Rvon,  AuGtrsTtJS  Me&der,  E.M., 1886. 

President  and  Prof.  Engineering,  College  of  Agriculture  and  Mechonic 
Arts,  Bozeman,  Montana. 
1886-OT.  Assistant  Engineer  on  New  Londou  Water  Works.    Assistant  in  Metal- 
lurgy, School  of  Mines,  Columbia  College.    1837-88,  Assistant  to  F.  N.  Owen,  Civil 
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>niI3iinitarf  EiiKiiiceT,  Xdw  York  Cily.  iaS8-9I,  ProruBorof  EiiKinecrinic  and  »in- 
InK,  School  of  Mines,  ColleKe  of  Hontsna,  Deer  Lndiie.  Mont  1892  tai^lv.  PreaidKiit 
Niiit  Profeswr  of  EuKineeriiig,  MuiiUiia  Ojllege  of  Agriculture  mid  Mecliuiiio  Arts, 
BoiemBn.  HonUDH. 


Saob,  Edward  ElJOENE,  C.E.  (Life  Meml«er),  .  1877, 

United  Stales  Asany  Office,  30  Wull  Street,  ani]  77  Hillside  Avenue, 

Omnge,  N.  J. 

I  hkve  been  coiiuected  with  t1ii«  office  since  Fcbrnnr^,  18T9,  >ii<1  bnve  ennscqnently 

uooatside  experience  except  in  electricity,  buini;  Prvsiduut  of  the  E«ei  Count; 

Electric  Cn.,  of  Oranjce,  K.  J.,  nnd  in  AnalyCic&l  Clienilstry. 

Sands,  Fkri)INa.\d,  A.B.,  Ph.B., 1882. 

Drags  and  Asanj'ing  Supplies,  Box  1172,  Butte,  Mont 
SCHERHERUUKN,  FREDERICK  AUOL'IJTUS,  E.M.  (Life  M«ID- 

l>er), .1868. 

41  Liberty  Street,  and  61  University  Piaoe,  New  York  Cily. 
ScHiEPPEi.iN,  William  Jav,  Pii.B.,  Ph.D.  (Munioh),      .     1887. 

Scliieffelin  &  Cu,,  170  Williani  Street,  mid  35  West  Finy-seventb  Si., 
New  York  City. 
Schneider,  Albert  Francis,  RM,,  C.E.,  .        .     1876. 

St..  Louis  Smelting  and  BeSning  Cu.,  Boi  504,  St.  Louis,  Mo. 
187S-18TT,  In  Eumpe  viaitiug  Smelting  and  Dresaiug  Worlcs.  18T8,  ChemiHt  »icl 
AnayerCiernuiiiaS,  UxtR.Co.,  Salt  L:ikeCitf,  Utah.  187»,  Poreniiin,  AssisbtiiE  and 
Saperintendent  OernianiA  S.  and  B.  Co.,  Suit  Lake  City,  [TCah.  IBSO-SS,  Supsriii- 
tendeut  Qermania  S.  and  B.  Co.,  ftilt  Lake  City,  Ulali.  16d3-'35,  Su  peri utenil out  ». 
Billing  Smelting  Works.  Saci>rr«,  N.  H.  18S^'57,  Superintendent  Kanaus  City  S.  and 
E.  Co.,  ArgenUne,  Kansas.  lt«7,  Conneutad  with  the  Kio  Oranile  S.  Co.,  Sucorro.  N.  K. 
IKST  to  ditte,  General  Maoajter  St.  Luuis  S.  and  B.  Co..  St  Louis,  Uo.  Specialties.  Con- 
ceatratioii  aud  Dressing  of  Ores.    Metallurgy  of  Silver-Lead  Ores.   BnHniog  bulfioii. 

Schumann,  Charles  Hexry,  C.E.,         ....     18S8. 

12  Second  Street,  New  York  City. 
18S8.  May,  1890,  Assistant  Engineer  Chesapeake  and  Ohio  Railway  Co.,  Cincinnati. 
eiinrge  of  Beal  Estate,  Bight  of  Way  and  Track  and  Construction  work.  May  to  An- 
gnst,  1890,  Asjistaut  Bngioeer  to  H.  Atbcr.  C.  E.,  Bimiioghani.  Ala,  General  Engi- 
neering. August,  1S90  to  March.  1^91,  Asaiatsnt  Engineer  Chesapeake  and  Ohio 
Bailway  Co.,  charge  of  subdivision  of  Thwii  of  WHSt  Clifton  Fonte,  Va.,  and  Right  of 
Way  on  line  of  road.  1H93,  Assistant  Engineer  Long  Island  R.  B.,  and  Engineer  fur 
Ferris  A  RiciiardM,  Contractors  for  Baiiroada  and  W»H;rworks,at9B  Hudson  St,  Jerdey 
City.  N.  J. 

Sehoman,  Joseph  Guy,  E.M. 1887. 

Mining  Superintendent,  and  09  W.  Ninety-fifth  St.,  New  York  City. 
Share,  William  Walueiiar,  Ph.B.,  Ph.D.,  .        .        ,     1881. 

Adelplii  Academy,  and  331  McDonousli  Street,  Brooklyn,  N.  Y. 

1881,  Superintendent  Culumiiia  Cbemiml  Works,  Brooklyn,  N.  Y.  1881  to  ia»j, 
Assistant  Physics,  Columbia  College.  ISaS,  Consulting  Electrician,  Department  of 
Public  Parka,  Brooklyn,  N.  Y.  1»^  to  date,  Professor  of  Chemistry,  Adelpbi  Acad- 
emy, Brooklyn,  N.  Y. 
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Shbiver,  Henry  TowEK,  Ph.B., 1888. 

T.  Shriver&Cn.,  333  E.  Fiily^sixtli  Street,  and  6SC  P»rk  Avenue, 
New  York  City. 
In  Iron  Funndry  nnd  Works,  lu  abnve  «ince  grnduktion. 
ScHROTER,  Georqe  Adstin,  E.M.,  ....     1893. 

]52S  Blake  Street,  Denver,  Cul.i. 
SiMONDS,  FRANCI8  May,  E.M.,  Ph.D.,      ....     1887. 

Assislant  in  Assnying,  Columbia  College,  School  of  Mines,  and  147  K. 
Thirty-fourth  Street.  Now  York  City. 
SiN-oER,  George,  Jr.,  E.M., 1880. 

1 1 1  Fuurth  Avenue,  PittBburgli,  Pa. 
SiNUER,  George  Harton,  E.M.,     .....    1880. 

Singer,  Nimick  &  Co.,  and  17  Park  Street,  Alleglieny,  Pa. 
Skinker,  Elmer,  C.E., 1891. 

227  Cumberland  Street,  Brooklyn,  N.  Y. 
Slack,  OharlrbGuddard,  E.M., 1884. 

Marietta,  Oliio. 
Slade,  Richmond  Edward,  Ph.B.,         ....    1887. 

Wliite  Plains,  N.  Y, 
IA97,  Aasistiint  Super!  iit«ndent  United  Ou  ImproTement  Co.,  Yoiikera,  N.  Y., 
Plants.  ISSa.Superiiiteiidetit  Qaa  DBpartmant,  AihevillB  tN.  C),  Linlit and  Power 
Cn.  1B89,  Sa|i«rintendent  Gaa  and  Electric  Plants,  Citiioiis'  Oas  lAght  Co.,  Jackson, 
Tenn.  December,  1889  to  data,  Secretary,  Supurintciideiit  and  Trustee  Cltiiens  Gas 
and  Electric  Co.,  White  Plains,  tl.  Y. 

SjiiTHjAuoL'STira,  A.B.,  C.E 1889. 

Link-Belt  Knp'g  Co,,  49  Dey  Street,  and  4G0  W.  Forty-fouith  Street, 

New  York  City. 

Stininierofl8S«.  LnndSarveylnitdn  charge  of  P»rty).    July  iind  November,  189B, 

DrauKhtsman.LinkReltEugineeriijffCo.,  Nicetown,  Phila.  November,  1880-91, Chkr 

DraDKlitsman,  Link  Belt  Ea^ineerlng  Co.    18S1-92,  out  at  Profeaalonal  work,    lim, 

Salesman  and  Engineer  as  above. 

Smith,  Frank  MABftHAix,  E.M.,    ...  .     1889. 

Asaiat,  Supt.  Colorado  Smelting  Co.,  Pueblo,  Colu. 
1)466-1890,  On  the  United  Slates  Ojolafclcal  Survey,  eiigaaofl  in  hydioxrnphic  work 
on  the  IrrijiHtion  Snrvey  and  trlangolation  on  the  Topograpliii;  Survey,  iu  Idaho  aud 
Oregon.    1891.  Assayer  Colorado  Smelting  Co.,  Pueblo,  Colo.     October,  1S92.  to  date, 
Assistant  Superintendent. 

Smith,  Francis  Pitt,  Ph.B., 1888. 

Mamaroneck,  N.  J. 

Analytical  CheniHt  Iu  Leather  trade,  1888-'89.  Snpurin  ten  dent  Chemical  Works, 
Wm.  H.  Swift&t>>.,  Ea!tt Boston,  Mass.,  18S9-'90.  Coiisn1tingChemist.Dening&  Logan, 
58  William  Street,  ISOO.  Assistant  Chemtat  New  York  Citj  Health  Department,  42 
Bleecker  Street,  1890-93.  Specialty,  Cbemical  UecLianios.  1HU2-H3,  Inspection 
Brooklyn  Navy  Yard. 

Smith,  Lenox,  A.B.,  A.M.,  E.M.  (Life  Member),     .        .    1868. 
12U  Broadway,  New  York  City. 
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Smith,  William  Alles,  E.M,, 1868. 

52  Wall  Street,  New  York  City,  and  Pelliam  Manor,  N.  Y. 
Smyth,  Charles  Henev,  Jr.,  Pir.B.,  ■  .        .        .        .    1888. 

ProfuBSor  of  Geology.  HamiUon  Ci)llege,  Clinton,  N.  Y. 
1888-^.  Chemist  Fnnkliii  Iron  Hfg.  Co.  1989-90.  Geological  Field  Work  In  ^ew 
York,  AUbeni&.  Georgia,  and  Tannes^ee.  Jane,  1890.  received  Degree  of  Doctor  of 
Pbllosophy  frora  Calainhia  Collpjie.  1890-91,  stoclied  PetroKniphr  and  Mineralogy 
with  Prof.  fiowiiliuMh  at  the  UiiiTenity  of  Hiedelberg.  1891,  appointed  Profeasoi 
0fOeol0K7>n  Hamilton  College.  Enxajtsd  iu  the  Rtadf  o(  the  Western  Adirondack 
reftion.  and  the  iuveatiintion  of  Problenia  in  Central  Sew  York.  Chiefly  in  Pboto- 
ftraphlc.  Chemical  and  Glacial  Qeolog;. 

Snooe,  Thomas  Euward,  E.M., 1884. 

Arcliiiect,  12  Chtktubers  Street,  New  York  Citj. 
OFBrm  John  B.  Smith  A  Sona,  Arcliitecta. 

StiDTHAKD,  George  Carboll,  C.E.,        ....    1892. 
Heine  Safbty  Boiler  Co.,  13G  Liberty  Street,  New  York  City,  and  114 
Brooklyn  Avenue,  Brooklyn,  N.  Y. 
June,  1992,  to  March,  18B3,  Eqnltj  Gas-Works  Cooatractiou  Co^  Brooklyn,  E.  D. 
Maroh,  18S3,  to  date,  with  Heine  Safety  Boiler  Co. 

Spuoxer,  Allen  Newhall,  C.E.,  ..*,..    1886. 

Dapartraent  of  Dooks,  Pier  A,  North  River,  New  York  City,  and  1S6 

Cdrteret  Avenue,  Jersey  City,  N.  J. 

Jaly.  18S6  to  August,  18^7,  B>dui:m  and  DraasihC^nian,  Pduu  RB^  JeneyC^tr. 

August,  1^7  to  May,  1830,  Hydcngrapher  Dapartment  Docka,  Mew  York  City.    Uay. 

1890-I89I  to  preaent  time,  AulsCtnt  Eiiiciueer  Dupartrnant  Docka,  New  York  City. 

Specialty,  Railroad  Engineering,  BivBr  Bubmarine  and  Hiirhor  Eugineeriag. 

Staktgn,  Fkask  McMillan,  E.M 1887. 

Superintendent  Atkntic  Mine,  HoiiKhton  Co.,  Midi. 

18^-1838,  Buperiiitandeot  Pro  tem  Ctntral  Mine  Micb.     I893-l)iS9,  Eogiaeei  At- 
lantic Hiae,  Micli.    1889  to  date.  Superintendent  Atlantic  Mine,  Mich. 

Starek,  Emil,  LL.B.,  LL.M.,  E.M.,        ....    1885. 
Keller  &  Stnrek,  Patents,  Itooin  303  Tioie»  Building,  Broadwaj-  and 

Chestnut  St.,  St.  Ixiuis,  Mo. 
1885-1 8S7,  Aaaiatant  in  Unitud  States  Oeological  Survey.    18.S7  to  1892,  Aaauttnt 
Examiner  Uuited  9tatea  Patent  Office,  Waablugton,  D.  C. 

Starr,  Chandleb  Danmat,  C.E., 1881. 

Address  unknown. 
Stadnton,  John  Armitage,  Jr.,  E.M.,  A.B.  (Harvard),  .     1887. 

232  W.  Forty-fifth  Street,  New  York  City. 
1887-88,  Iiwtroctor  in  Mathematics.  Becheater.  K.  Y.    1883-90,  Student  in  Har- 
vard Uuiverslty.      1990-92,  atodent  In  the  Oanetal  Theological  Seminary,  N.T, 
1893-93,  in  charge  of  Cliurch  of  the  Holy  Trinity,  Wallace.  Idaho.     1883.  Assisbuil 
at  Church  of  St.  Mary  the  Virdn,  New  York  City. 

SrAOSTON,  William  Field,  E.M.,  .....    188-2. 

Superintendent  Tombstone  Mill  and  Mining  Co.,  Tombstone,  Ariioni. 

1882,  Aasaycr  and  Assistant  Superintendent  Vernioot  Copper  Co.,  Ely,  Vt   1!% 

Aa-tayer  and  Accountant  Dunn  Mt.  (told  Mine,  Salisbury,  N.  C.    1S83,  AssayerLe-     * 

doui  &  Eicketts,  N.  Y.    18.*l.  Constructing  Engineer,  C.  M.  anil  E.  Co.,  N.  Y   183J, 
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Aulsbuit  to  Mtiomger  of  Mills  and  Smelter  of  T.  H.  and  H.  Co.,  TambstODt,  AHwo*. 
lH81,CoiiBuU<>lgEnKineeT,  N.Y.  tS84,  HIiiiiixEugiiieer,  for  T.  H.and  H.O>.,Taml» 
■tone,  Anioua.  ISDO,  to  date,  8  n  peril  i  tend  en  t  Torubatoiie  Mill  aud  Hiniug  Co., 
Tambatone,  Arizona.     Si>e<:iAlt7,  Oold  ana  Silver  Hiulng  aud  H«biUargy. 

Stearnh,  Thomas  Bgai.e,  E.M., I88I. 

Mining  Machinerj",  4  Dack  Block,  Box  1545,  Denver,  Culo. 

SrosE,  Geuiioe  Caiieku^,  Ph.B., 1879. 

New  Jereey  Zinc  and  Iron  Guiupnny,  Newark,  N.  J. 
1879,  Clieniist,  Bootli  &  E<1gBr  Su^mr  Befliiur?.     18T»-ffi.  Tiiemist  with  Potter  ft 
Blgga,  St.  Louia.  Ho.     1SH2-91,  witli  Ntttv  June;  Ziuc  and  Iron  Coni|)aii;,  Newark, 
K.  J.,  Arat  as  Clieinist;  since  1381,  as  Super  in  lend  cut  Bliut-Furuaces. 

StBtTTHEKs,  Joseph,  Ph.B 1885. 

Tutor  ill  Mcttkllurgy,  Columbia  College  School  of  Mitics,  nui   C24 
Eiist  One  liunJred  and  tliirty-sixtii  Street.  NeWTorii  City. 
1885-88,  Fellow  in  Mineralogy.    1880-90,  Anistant  in  Hineralogy  aud  Hetallnrgf. 
1H81,  Tutor  III  UetallurK;  Columbia  Coilej((f^  School  of  Mines. 

SrUABT,  William  Henby,  C.E., 1886. 

47  Liberty  Sireet  and  36  W.  SeFentietli  Sl,  New  York  City. 

1886,  on  rsiltTarslrvcys  id  Minuesota  and  Wiscousin  with  C.  B.  &  N.  B.B.  Co. 
18»T-eS,  Fellow  in  Engineering  and  Aseistant  in  Summer  School  of  SarTejins. 
Scliool  of  Hiiies,  Columbia  College.  1880-90,  mnkiog  saiveys  and  superintend  ins 
conatruvtiou  at  tlie  Hudson  Biver  State  Hospital,  Poughkeepsie,  N.  Y.  1800,  on  sur- 
Teys  iu  tbu  West  ladies.     1893,  iu  geuvnil  practice. 

SirrEB,  Geobge  Augustus,  E.M., 1883, 

Q.  A.  Suier  &  Co. ,  Eugiiieers  and  Contractors,  139  Soutli  FJI^h  Ave- 
nue, New  York  City,  and  206  Miircy  Avenue,  Bmokljii,  Now  York. 

1861-92,  Engineer,  Baker.  Smith  &  Co.     1802  to  date,  as  above. 

SwAiN,  Alfbed  Ernest,  E.M., 1881. 

Supt.  Trinidikd  Mining  Co.,  Copala  (via  Mazutlan,  Sinnloa,  Mexico, 
and  902  Prospect  Street,  Cleveland,  0. 
1891-84,  railroad  work  in  Heiico.    I886-i«,  City  Engiiieer'a  Department,  KansM 
Citf,Uo..  inchurgeofsewerwork.    1880-01,  mining  work  in  Mexico.     1891,  Snpt. 
8»n  Buenaveiitnro  Mining  Company.  SaDttt  Lucia,  Sinalow,   Mexico,  via  J 
and  Panua.    1801-93,  Supt.  Trinidad  HiniDg  Co. 


Terhune,  RiciiABD  Hesbv,  E.M., 1870. 

General  Superintendent  Hanauer  Smelting  WoHu,  Salt  I<ake  City, 

Utah. 
ISTO,  AssisUnt  to  late  J.  W.  Fodter,  geology  of  coat  flelds,  lodiauB.  1871,  Qrtawold 
Stoel  Works,  draughting,  blowing  Hteul,  etc.  1872-77,  Joliet  Steel  Company,  draogbt- 
iiig,  Inspecting  steel  ralla  and  explomtion  at  Callaway  County,  Missouri,  fur  coal 
mid  iron.  iSTT-W.  Super! iileiidunt  and  .Assistant  Superintendent  Smelting  Works 
In  Utah.  1880-93.  Qenetal  So  per  In  ten  dent  Banaaer  Soieltlng  Wurks,  Utah.  Spe- 
cialty, construction  and  operation  of  lead  snieltjug  workt. 

TuACHEH,  Arthur,  C.E.,  E.M., 1877. 

1227  Spruce  Street,  St.  Louia,  Mo. 
187S~TV,  witit  Pragreso    Mining  Company,  Trlnifo,   Lower   California,  Hesico. 
1870-83,  Southern  Ariioua  aud  Nortlieru   Meik-o  Hlulug  aud  Milling.    1883-9:, 
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office  ill  New  Tarlc.  Eisiniiiing  and  reporting  on  mines  and  mills.  1887  to  dU^. 
Witb  FroniSMr  W.  B.  Potter,  >t  St.  Louis  Sampliiij;  and  Testing  Wcirke  aud  Wuhing- 
toii  Uiiivenity.  I.pctaring  on  Hetuliurfty.  Testing  ores,  etc.  ExaniiniiiiK  atid  re- 
porting OD  niiiu-s  and  niiils.     Superintendent  Central  Lead  Co. 

Thumah,  Fkederick  Mavhrw,  em.,  ....  1885. 
Bo»  204,  Skaiienteles,  N.  Y. 
Leveller  (Instrnmant  man.  etc.),  on  Now  York  Sute  Cauals.  froiD  September,  189T 
to  November,  18«9  (positioii  resignedl.  Traiisit-nian  and  lovtliBr  on  prelimiiiar}- 
mllroad  aurvey  in  S<!lioharie  County,  tn  spring  of  1690.  TrHusit-iuan  and  leveller  on 
SyracuM  water  works  doring  the  winter  of  18H0-Si. 

Thompsijn,  Henry  Clark,  CE. 1886. 

Lorillard  Place,  Nnd  On«  hundred  and  eighty-aeventh  and  One  liun- 

drcil  and  eiglity-eiglitli  Streele,  New  York  City. 

T1BBAL8,  Georgb  Atwateh,  C.E., 1883. 

CimtiiienUl  Iron  Wurks,  and  148  Milton  Street,  Brooklyn,  N.  Y. 

1B83  to  dalo,  M  above. 

T1BBAL8,  Samuel  Gayloro,  C.E., 1884. 

Ci'ntinental  Iron  Works,  and  1-lS  Milton  Street,  Brooklyn,  N.  Y. 
1684  to  date,  aa  above. 

TiLDKN,  Geouoe  Oyrds,  C.E., 1876. 

State  Scliool  of  Mines,  Golden,  Culo.,  and  310  Closson  Avcnne.  Brook- 
lyn, N,  Y. 
I8T8-SO,  City  Surveyor,  Brookiy|i,  N.  Y.  IBSO-Bl,  Superintendent  Danderberg 
Mining  Company,  Qeorgetovn,  Colo.  1S81-82,  Clieraist  and  .Vssayer.  Denver,  Colo. 
1682  to  datv,  Proressor  Analytical  Clieinlitry  Statu  School  of  Mines,  Golden.  Colo. 
18S1  to  date,  Cousnltiag  Practice  as  Mining  Engineer.  Specialty,  Aualytical  Cbeui- 
Istry  Bud  Assaying. 

TiTus,  Warbbs  Harriott,  EM.,    .....     1885. 

Asaiating  Sanitary  Engineer  New  York  Guard  of  Health,  and  WhtU- 
stone,  N.  Y. 
To.NNEiJ:,  Theodore,  Ph.B  , 1880. 

West  Deweea,  Wood  Connty,  McKeeaport,  Pa.  ' 

ToRREV,  Ohakleb  Hesbert,  Ph.B., 1880. 

D« Bois  Mfg,  Co. ,  Ltd. ,  1 5 Britimnia Street,  King'a Cross,  L-jndon.  Kng. 

191»-83,  AsaiWant  in  QualiUtis-e  Laboratory,  Seliool  of  Mines.  lBS3-ai.  teai-hing 
in  New  York  Inatitute  for  Improved  instruction  to  Deaf  Mntes.  New  York  City. 
IH05-87,  in  tlie  employ  of  the  DuBois  Hanufactaring  Company  of  New  York,  in  their 
branch  in  London.  18ST  to  present,  managing  Qermsu  branch  of  BoBois  Mannfac- 
urlng  Company,  at  above  uddreas. 

TowBR,  Albert  Edward,  E.M., 1883. 

Pouchkeepsic  Iron  Coiniiany,  Poughkeepsie,  N.  Y. 
Tower,  Fkedekic  Wbtherwax,  E.M.,  ....     1887. 

Assistant  Exniuiner.  Room  223,  Patent  Office,  and  1400  L  Sl,  N.  U'., 
Wushingron,  D.  C. 

TfiAPHAGB.v,  Frank  Weiss,  Ph.B.,  Ph.D.,      .        .        .     1382. 
ProfeasoT  Anidyticnl  and  Applied  Chemistry,  College  of  Montana, 
Deer  Lodge,  Montnna. 
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1683-84.  Cliemiat  for  WiUianiB,  CI»tW  &  Co.,  Fertiltxen.  1884-87,  iDslructor  <n 
ClirmiHtry  ftnd  Plijilc*,  Staunton  Military  Acadeni;,  Staunton.  V».  1387,  Professor 
of  Geiiernl,  Analytical  and  Applied  Giemislry  and  Axsaying  hi  t lie  College  of  Moii- 
Imiaaod  HaoInDa  School  of  Mines.  1884-87,  Analytluil  aiid  ConsiittiuB  Clieoiiat, 
Stnuiiton.  Va.  1867,  Principal  work,  fertilizer,  iron  and  steel,  cla^s.  etc  AnalTtlcst 
■nd  tonsiiltitig  Clieniist  and  Aisiiycr,  Deer  Lod^e,  HonC.  Aasaying,  aiUcellaneoas 
aiialynis  and  legal  work.  1890,  Assayer  fur  tli«  Cbauipion  Consolidated  Miuiiig  Com- 
pany, Deer  Dudtre.  Mout. 

Tkask,  Geurob  Francis  Do.vxELL,  E.M.,       .  .     1887. 

H.  W.  Hildrelli  &  Co.,  1303  Lucust  St.,  Fhiladclphia,  Fa.,  and  2  Wall 
Street,  Now  Y.irk  City. 
18S9-iW,  Apprentice  and  Mucbiuiit,  L.  &  N.  Railroad.   1800-91,  Draaglitaman.  L.& 
N.  Railroad,  Louisville. 

TUSKA,  GUSTAVE  RtBlTSOHER,  B,8.,  M.S.,  C.E.,  .      1891. 

]B7  East  Sevetilietli  St,,  N.  Y,  City. 
1^91-92.  Civil  and  Mwlianiual  En)iineer  Link-Belt  EDgineeriog  Co.,  Pliitadelphia. 
1803-93,  Bridfte  Eogineer  Long  laUnd  Railroad. 

TuiTLK,  Edgar  GRANOEit,  E.M., 1881. 

Box  lOU,  t^le  PiiKS,  TexHs,  and  San  Felipe,  Coahuila,  Mexico. 

1881,  AssUtautEiigiuetr.  Tilly  Foster  Iron  Mine.  Brewster,  N.  Y.  1881-82,  Divi- 
sion Engineer,  Wheeling  &  Lake  Erie  R.  R.,  Ttiledo,  O.  1882-83,  Assayer  and  HiiilDg 
Engineer.  Silver  City,  New  Heiiui.  lS83-8o,  Division  and  Office  Engineer,  Aricona 
t  New  Mciicu  Bnilroad,  I^rdsbtirgii,  Aricona.  1M8.>,  Constructing  Engineer  at  Mines, 
Arizona  Copper  Co.,  Clifton  Arliona.  1885-89,  Mining  Engineer,  Cambria  Iron  Co,, 
Jitlinstown,  Pa.  1889  to  date,  Superintendent,  Alamo  Coal  Co.,  and  Coabuila  Coal 
Co..  Sail  Felipe,  Coalmlla,  Meiicu,  or  Box  109,  Eiigle  Pass,  Tuxua. 
TuTiLE,  Wu  LiAM  Wey,  E.M. 1867. 

Fiirm  and  Loon  Ageni,  Springfield,  Mo. 
Tyler,  Walter  Li.NtoLN.C.E,      .        .     '.        .        .     1887. 

IIG--12U  Front  Sircet,  and  1314  Fnoific  Street,  Brooklyn,  N.  V. 

1887,  Luvelman  and  TransltuiHo  on  tbe  Buaiioke  it  Saulliern  Bailnxul,  Va.  18U6, 
With  J.  A.  Utbani.CE.,  Providence,  R.  I.  1888-89,  With  P.  N.Owen,  E.M.,  Sanitary 
Engineer,  New  York  City.  1889  to  tlie  present  time,  With  The  A.  B  See  HannAic- 
luring  Co.,  lid- ISO  Front  Street,  Brooklyn. 

V. 

Value,  Beverly  Reid,  E.M., 1884. 

Address  unlcnowD. 

Vaxdebpuel,  Frank,  E.M., 187o. 

CliumiBt,  The  Celluloid  Co.,  205  Ferry  St.,  Box  53,  and  101  ItoBeville 
Avenue,  Newark,  N.  J. 
1875-78,  Sulesinan,  with  E.  B.  Benjamin.    1878  to  date,  na  above. 

Van  Arsdale.  William  Henry,  A.B.,  A.M.,  E.M.,       .     1868. 
Vice-President,   Cliicago  and  Aurora  Smelting    and    Refining  Co., 
Chicago,  III. 
Van  Blarcom,  Elbert  Champlik,C.E.,        .  1876. 

Hidalgo,  Mexico,  Care  H.  de  San  Francisco  Puchuca,  and  State  Min- 
ing Bureau,  Bux  2085,  San  J^ucImco,  Cal. 
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Van  CoBTLAKDT,  Edward  Newenhau,  E.M,,        .        .    188n- 

Tuiedo  Park,  N.  Y. 
Van  Dyck,  Edwin, -Ph-B., J888. 

6  Spencer  Place,  Brooklyn,  N.  Y. 
Van  SiNDEREN,  Alvan  Howard,  Pa.B.,        ,        ,        .    1881. 

Attorney  niid  Cuunselor-at-Law,  13  Brood  Slreet,  snd  80  R  Wuliing- 
ton  Square,  New  York  City. 
Van.  VoLKBNBUHGH,  Edward,  Jh.,  C.E.,       .        .        .    1888. 

Morgan  &  Bartlel,  41  Wall  St.,  New  York  Oitj'. 
Van  Waqenen,  Tueoduke  Fhamcis,  E.M 18T0, 

Conaulting  Engineer;  Presiilent  and  General  Manager  of  Tbe  Dentins 
Ore  Co.,  Deniing,  Grant  County,  New  Mexico. 
Volckenisq,  Gustav  Jolidb,  Jr.,  Met.  Esq.,  E.M.,      .    1888. 

653  Lafayette  Avenue,  Brooklyn,  N.  Y. 
VoNl>Y,  Rudoli'H  HaRKihon,  E.M.,         ....     1882, 

143  Liberty  Street  and  305  Sloiitffoniery  Sl,  Jersey  City,  N.  J. 

1889-83,  ARKlBUnt  Engineer,  Ti!l;  Poster  Iron  Mine.  1885-92,  Chcntat  Pboeuli 
Iron  WuTke^  PkiwDiiviMe,  Pa.    1882,  Sapt.  Plenty  Hort'l  md  Skylight  Works. 

Von  Nardroff,  Ernest  Robert,  E.M.,         .        .        .    1886. 
Inslrnelor  of  Physics,  Barnard  College,  N.  Y.  City,  485  Carltoo  Ave., 
Brooklyn.  N.  V. 
Vur.Tfi,  Hermann  T.,  Ph.B.,  Pii.  D.,       ....    1881. 
AiuisUnt  in  Quantitative  Analysis,  Suhool  of  MincH,  New  Yoii  City, 
and  New  Rochelle,  N.  Y. 
1881 -S,  Super inteiide lit  Colnnibui  Cliemlcal  Work^  Brooklyn,  S.  Y.    18i»-SI.  A.«- 
BisUiit  Inatructor  in  AnHlytical  ClisiiiiBlry,  Scliuol  of  Minm.     Engatied  In  Inveotitail- 
ios  new  Analytical  Methods.    Specialty,  Coiutuerciul  OrgHoic  Analysis,  Eipcrt  in 
Oili,  Fati,  Soap,  etc 

W. 

Wainwbioht,  John  Howard,  Ph.B.,     ....    1882. 

Cliemist,  402  Wnsliington  Street,  Now  York  City. 
Walker,  Arthur  Litcib.v,  E.M., 1B83. 

Old  Dominion  Cuppev  Co.,  Globe,  Gila  County,  Arisona  ;  also  Keyser 
Building,  Biiltiuiore,  Md.,  and  Lock  Box  56,  Morrialon-n,  N.  J. 

lSa?-a4,  Clieniiat  and  AuHjer,  Old  Dominion  Copper  Co.,  Globe,  Ariiona.  I9a'<. 
Assistant  Superintendent  ofaame  Co.  1886,  EiiiMKed  in  connection  with  Iron  Uetst- 
liirgy  in  New  York  City.  1B^.  HMjIiauicai  Engineer  for  SiiTur  King  Uiniug  Cd.. 
Silver  King,  Ariiona.  1888-93,  Superintendent^  Old  DamiuIoD  Copper  Co.,  Qlobc. 
Arizona.   Also  report  on  atlcliiwea  of  Mining  ami  Metallarglca]  Property  in  Ariioni. 

Wallace,  William  Jkffei{8un,  Ph.B.,  .        .        .    1886. 

Architect,  Whitestono,  N.  Y. 
Waller,  ElwyNjA.B.,  A.M.,  E.M.,  Ph.D.,   .        .        .    isTO. 

33  West  Filteenlh  Street,  New  York  City. 
Wampold,  Le4>,  Ph.B., 1888. 

201  Monroe  Street,  Chicago,  III. 
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Ward,  Delakcy  Walton,  Ph.B., 1888. 

WhitestoDe,  N.  Y. 

Wabner,  Joseph  Lowbby,  E.M., 1887. 

419  Bailey  Building,  Seattle,  Wash. 
Aagnst,  1887.  to  Aa^uat,  1888,  Omsha  aod  Qrant  Smolter,  DenvsT,  Assistant 
Asasyec.  Angnst,  IBS8,  t«  July.  1889,  Ezamliiatloo  of  aod  Bepotts  on  Hlnea  in 
Cn  at  d'Almes,  Idaho,  and  In  O'KsnagnQ  Miniag  District,  Washington.  Manager. 
l»  Bellevo«  Hin«,  sitme  district.  Julj,  1SS9,  to  January,  1B90,  Assistant  Saperin- 
t«iuleDt  and  Amalgamator,  Ooldeo  Honfirch  Mine,  Oregon.  Janaary,  1890-9S,  Ex- 
amination and  Reports  on  Hines  in'Westem  Washington.  Uanager,  Cnlver  Mining 
Co.  and  V.  P.  Vermilion  Iron  Co.  1B93,  Examinations  in  Cascade  Range.  1893,  Ex- 
aminations of  Iron  Deposits,  Island  of  Teiads,  Britisii  Colombia. 

Wat6os,  Fkedebick  Morgan,  E.M.,      .  ,  1885. 

Mioa  Rayo,  Cagapalca,  Peru  (via  Litna),  aod  403  Sibley  Street,  Cleve- 
land, 0. 
1885,  Assayer  and  Surveyor,  La  Uaria  Mining  Co.,  Mexico.  1886-89,  Engineer, 
Mill  Sapurlnlendent,  Sombreiete  Mining  Co.,  Mexico.  Conueiitration  and  Lixivia- 
tion.  1890,  Engineer  for  Peru  Exploration  Syndicate,  Ltd.,  Pern.  1891  to  date,  Exam - 
Inlng  Engineer  for  FrechBviiJB  Bros.  Special  Experience  In  Boasting  Rebellious 
OrcB.     Liiiviatioo  by  Rosaell  Proceae  and  Superintendent  as  above. 

Watson,  RoLLA  Barsum,  Met.  Eng.,      ....     1891. 
403  Sibley  Street,  ClevelaDd,  Ohio. 
Assayer,  Caudemeno,  Mexico.  1891.    Snpt.  Erection  of  Power  Plant  for  Electric 

Street  R.  R.,  Atlanta,  Ga.,  1892. 

WEDEKI.ND,  Edwin  Hotter,  Ph.B.,       ....     1889. 

LebanoQ,  Pa. 
Weed,  Walter  Harvey,  E.M., 1883. 

U.  S.  Geological  Survey,  TVanhinston,  D.  C.,  aod  care  S.  It.  Weed, 
South  Norwalk,  Conn. 
1S83  to  date,  Qeologist  on  the  U.  8.  Geological  Survey.  1883-89,  geuenl  geology 
of  the  Teiloinitaiie  National  Park,  eepecially  of  sedimentary  rocks,  ivith  examiua- 
tiOns  of  the  adjacent  mining  regiona  1890,  structural  and  economic  geology  of  the 
country  nortb  of  the  Tellowatone  Park,  with  Special  studies  of  the  coal-fields  of 
Moataua.  Specialty,  economic  and  stratigraphic  geology.  Publications:  "A  Deadly 
Ou-sprlng  in  the  Yeliowatone  National  Park."— 8cunu«.  "The  Diatom -beds  and) 
Marshes  of  the  Yellowstone  National  Park."— Sot.  Oaiette.  "  The  Formation  of  Hot 
Spring  DepoHitB."— Ninth  Annual  Report  of  the  Director  U.  8.  Geological  Survey.. 
" Geysers."— School  or  Mikes  Quabt&rlv.  "Notes  on  the  Coal-Fleids  of  Mon- 
tana."—School  op  Mines  Quahtkhly.  "TheCinoabar  and  Boieman  Coa!-Fielda 
of  Montana."— itaUftiN  Qeotasital  BodttgoJ  Amtriea,  and  other  papers. 

Weeks,  Wiluam  Huev,  Pu.B., 1888.. 

42  Bleeclcer  Street,  and  789  Madison  Avenue,  New  York  City. 
16e&-90,  Assistant  Chemist  New  York  Chemical  Manofactnrlng  Company,    Atprll. 
1890,  to  date,  Assistant  Chemist  Health  Department,  New  York  City. 

Welch,  Alexander  MoMillek,  Ph.B.  (Arch.),     .        .     1590. 
Haydon  Fum.  Co.,  No.  I  West  Thirty-Fourth  Street  aod  44T  ijexiog- 
toa  Avenue,  New  York  City. 
1890-91,  In  architect's  office;  1891-93,  McKim  Fellow,  travelling  In  Europe;. 1893 
to  date,  «•  above. 
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Weli^,  Jahes  Simpson  Chester,  Ph.B.,  Ph.D.,     .        .    1875. 

Colnmbin  College,  School  of  Mines,  New  York  Cily,  and  HackensAck, 

N.J. 

1875-79,  AuisUnt  in  QuaatiCatiye  Aiml^gia.  School  of  HInea.    Vacation  of  187T, 

spent  aM  NiKlit  Superintendent  Penoajlvania  Lead  Works.    lerfr-SS,  Iiutructor  in 

Qaalltative  Analytical  Chemistrj,  School  of  Hiaet. 

Wels,  Paul  Oscar,  B.S.,  E.M., 1887. 

2113  Madison  Avenue,  New  York  City. 
Wbndt,  Arthur  F.,  E.M.,  C.E.,  Pa-.D. 1872. 

Antoragssta,  Chili,  S.  A. ,  and  127  East  Niaely-fint  Street,  New  York 
City. 
Wertheimer,  Lewis,  Ph.B., 1887. 

Western  and  Bedwel!  Streets,  Allegheny  Cily.  Pa.,  and  316  W.  Forty- 
fifth  Street,  New  York  City. 
Wheeleb,  Herbert  Allen,  E.M.,        ....     1880. 

WoBhioKton  UniverHity,  Si.  Louie,  Mo. 
Durlnf;lHM.  ABsiBtaut  Geolagiat  In  Utah,  on  U.  3.  Geo1of(l<»l  Survey.  Dariog 
li^l,  AsHistant  Entciiteer  Denver  and  Rlu  Grande  Western  Bailroad,  in  Utah  and 
Colorado,  an  location  and  constructioD.  Daring  1862,  Suiierintendent  Vermont  Cup- 
per Compao7,  Ely,  Vermont.  From  1883todate,at  Wasbington  noivenity,  SlLouii; 
Adjunct  Prafeaaor  of  Mining;  also  Consulting  Mining  Eiigineer.  Sinc«  1881,  AasiBtant 
Hiaeouri  Geological  Survey. 

White,  I^ibert  Davis,  C.E., 1892. 

J.  D.  &T.  E.  Critntnins,  ]043TIiird  Ave.  and  39  E.  Seventy- fourth 
Street,  New  York  City. 

WiiiTLocK,  Heubert  Percv.  C-E., 1889. 

Aseistant  in  Mineralogy,  Columbia  College,  School  of  Mines,  anil  44(1 

Park  Avenue,  New  York  City. 

WiECHMANN,  Ferdinand  G.,  Ph.B.,  PH.D,,    .        .        .     1881. 

Instructor  in  Oliemical  Philosophy  and  Clieuiieal  Phyeics,  Columbia 

College,  School  of  Mines,  and  147  W.  Ninety-fourth  St.,  N.  Y.  City. 

Consulting  Chemist  American  Sugar  Refining  Co.,  Broolilyn,  N.  T. 

Wiener,  William,  A.M.,  Ph.B,, 1891. 

Chemicals  for  Electro-plating,  87-89  Mechanic  St.  and  62|  Nelson  PI., 
Newark,  N.  J. 
Williams,  Granville  WHirrLESEy,  E.M.,  C.E.,   .        .     1879. 

333  Genesee  Street,  Ulica,  N.  Y. 
Williams,  John- TowNSESD,  E.M.,  Ph.D.,      .        .        .     1873. 

Williams,  Clark  &  Co.,  and  871  Madison  Avenue,  New  York  City. 
"Williams,  William  Fish,  C.E.,  E.M,,  .        .        .        .     1881. 

City  Surveyor.-OUd  Fellows  BIdg.  and  31  Fifth  St. ,  New  Bedford,  Mass. 
1S90,  while  miing  the  position  of  Assist'tEngineeT  to  A.  B.  Drake,  Civil  Engineer, 
of  New  Bedford,  I  accepted  the  poaition  of  Chief  Engineer  to  the  Camberland  Lands, 
Ltd.,  of  Stewart  County,  Tenn.  P.  O.  address,  Dover.  1892.  Anistnat  Manager  and 
Engineer  to  the  same  Company  ;  later,  Chief  of  the  Dept.  of  Mining,  CouBtructioD 
nnii  Engineering,  and  also  Asaigt't  Manager  in  the  same  Company.  1S83,  reeigned, 
HUd  came  lo  Sew  Bedford.  Elected  Cily  Land-Surveyor  and  City  Engineer  with  the 
old  title  of  City  Surveyor  to  the  City  of  New  Bedford. 
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Willis,  Bailey,  E.M.,  C.E., 1878. 

U.  S.  Geological  Survey,  Washington,  D.  C. 
Juoe,  1879,  to  July,  1H8I,  Special  Agent  Tenth  CenBDB ;  (ampler  of  iron-orea  md 
Blailent  of  iron  deposits  in  States  east  ot  the  Misaissippi  river.  August,  1B81,  to  June,  . 
1884,  Geologist  in  cbarge  of  Pacific  division  of  Northern  Transcontinental  Survey, 
chiefly  engaged  in  coal  explorations  in  Washington,  Oregon  and  Montana,  July, 
1B84,  to  February,  I68U,  Axsistant  Qeolugist  U.  S.  Geological  Survey,  workiog  in 
Tennessee  and  North  CBrolioa.  March,  IBSB,  to  Jane,  1893,  Geologist  in  chargo  of  Ap- 
palachian division,  U.  S.  Geological  Survey,  directing  work  and  studying  geologic 
problems  of  the  Palreoioic  rocks  south  of  Pennsylvania.  1801-03,  Editor  of  Geologic 
Ma()«  for  Folios  of  the  Geologic  Atba  of  the  United  States. 

Wii^K,  Herbert  M.,C.E. 1881. 

U.  S.  Geological  Survey,  Wnsliington.  D.  C. 
1681-82,  Leveller  and  Transitman.  afterivards  Chief  of  Preliminary  party,  S.  &  D. 
H.R.,  Meiloo.     1882-88,  Topographer  U.  8.  Geological  Survey.    1889-90,  Diflflion 
Engiaeer,  U.  S.  Irrigation  Surveyi.    1661,  Geogr^ber,  U.  8.  Geologlual  Survey. 

Wilson,  William  Alexandeh,  E.M.,  ....  1882. 
University  Club,  Salt  Lake  City,  Utah. 
Aosayer  for  two  and  a  half  yea™.  Superintendent  of  Sampling  Mill  for  two  years. 
Superintendent  of  30-Stsmp  Mill  (dry  crnshiug.  cbloridizing,  amalgamating  and 
lixiviating,  capacity  sixty  tons  per  dny)  for  five  yean.  Specialty,  treatment  of  silver 
and  gold'orea  and  examining  and  reporting  on  mining  properties.  Superintending  of 
Mining  or  Milliog  OperatiouB. 

WiLTSEE,  Ernest. 

Care  Gen.  N.  H.  Harris,  Bunker  Hill  and  Sullivan  Mining  Company', 
Crocker  Building,  San  Francisco,  Cal. 
WiLTSiE,  Ernest  Abram,  E.M 1885. 

BamaUi  Bros.,  Johannesburg,  South  African  Hepublic. 

1885-86,  Aasiatant  Chemist  Edgar  Thomaon  Stoel  Works,  Bmddock,  Pa.  1666  to 
May,  1887,  Chemist  Colorado  Coal  and  Iron  Company,  Pueblo,  Colo.  May,  1S87,  to 
August,  1868,  Chemist  for  the  Globe  Smelting  and  Befining  Company,  Denver,  Colo. 
August,  18S8,  lo  April,  1890,  ABslstant  Superintendent  North  SUr  Mining  Company, 
Grass  Valley,  Cbl.  April,  1890-91,  Superintendent  Menlo  Mines,  Grass  Valley,  Cai. 
January,  1892,  Eip«rt  work,  Nevada  Co.,  Cal.  January  to  August,  181)2,  with  Califor- 
nia State  Mining  Bureau.  Augnst,  1882,  to  Jannary.  1893,  Expert  work  through  Cali- 
fornia. April,  1893,  Manager  Gold  Mines  for  Bamato  Bros.,  Johannesburg,  So.  Africa. 
WiSDOLPH,  Ernest  Paul,  Ph.B., 18tf2. 

208  W.  Twenty-fiah  Street,  New  York  City. 
WiTTMACK,  Charles  Augustus,  M.S.,  Ph.B.,  Ph.D.,      .     1882. 

79  West  87th  Street,  New  York  City. 
WooLsoN,  Ira  Harvey,  EM., 1885. 

Columbia  College  School  of  Mines,  New  York  City. 

1885-86,  Assistant  Geological  Survey  of  New  Jersey.  1886-87,  Assistant  Assay  De- 
partment, School  of  Mines.  1887-89,  Assistant  Drawing  Department,  School  of  Mines. 
1891  to  date,  Instructor  Mechanical  Engineering  and  Drawing,  School  of  Mines. 

T. 

Young,  Edward  Lbavitt,  E.M. 1882. 

Agent  Ftaswr  &  ChalmerB.  2  Wall  Street  and  317  W.  Eighty-ninth 
Street,  New  Y'ork  City. 
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HONORARY  MEMBERS. 


Chasdler,  Chari.es  F.,  Ph.D. 

Profewor  of  CbemiBtir,  School  of  Mines,  CoIuidIhb  College.     Address, 
51  East  Fifty-fourth  Street,  New  York  City. 
E0LE8TOK,  Thomas,  E.M.,  Ph.D. 

Professor  of  Hineralogy  and  Metallurgy,  School  of  Mioee,  Colnmbift 
College.     Address,  35  West  Washington  Square,  New  York  City. 
F18H,  Hamilton,  LL.D. 

Trustee  of  Columbia  College.    Address,  251  East  Seventeenth  Street, 
New  York  City. 
Miller,  George  M. 

Bingwood,  New  Jersey. 
Rood,  O.  N.,  A.M. 

Professor  of  Phy«C9,  Colamhia  Collie.     Address,  Colombia  College, 
New  Y.irk  City. 
Van  Ahrikoe,  J.  H.,  A.M.,  Ph.D. 

Professor  of  Mathematics,  School  of  Mines,  ('olumlna  College.  Address, 
66  West  Forty-seventh  Street,  New  York  City. 
Ware,  William  R.,  B.8. 

Professor  of  Architecture,  School  of  Mines,  Columbia  College.     Ad- 
dress, V2(i  East  Twenty-eighth  Street,  New  York  City. 


Honorary  Members  Deceased. 

Aqnew,  C.  R., I8S8. 

Barnard,  F.  A.  P., 1889. 

Newberry,  J.  S., 1892. 

Peck,  W.  G., 1892 

RUTHERFURD,  L.  M., 1892. 

Trowbridge,  \V.  P., 1892. 
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LIST  No.  3. 


Contains  the  names  of  Graduates  of  the  School  of 
Mines,  not  members  of  the  Alumni  Associa- 
tion, nor  participating  in  the  benefits  of  such 
membership.  For  this  reason  great  uncer- 
tainty prevails  as  to  many  of  the  addresses 
given,  which  are  the  best  at  hand. 

It  is  very  desirable  that  this  list  should  be  short- 
ened as  far  as  practicable  by  the  transfer  of 
names  from  it  to  the  preceding  List,  No.  2, 
under  the  Rules. 

(Revised  to  June,  1893.) 
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Adsin*,  W.  J.,  A.M,,  E.M 187?. 

Booni  15,  yo.  132  Market  St.,  San  Fnucisco,  Oil. 

Agramontf,  Joe*  Ces&t,  C,E ISTO. 

Address  unknowa. 

Alden,  Herbert  C,  EJL 188*. 

Address  unkuown. 

Andennn,  Qi?orge  ITeDdanhall,  Ph.B 189L 

Enst  Walnut  Hills,  CincinDitJ,  Ohio. 

Audreseu,  Oiarles  Alfted,  E.M.. 18SI. 

Pickard  A  Andresen,  69  Gold  Street,  Mew  York  at;. 

Appleby,  Jolin  Storm,  Ph.B. >        .        .        .    188S, 

Architect.  216  West  Finy-nioth  Street,  Now  York  City. 

Aschmau,  Fred.  Tlieo.,  Pb.B lSt-1. 

Cliemiat  and  Prof.  Cheraiatry,  College  ot  Phannacy,  »ad  88  Water  St.,  Plttabnrgfa,  Pa. 

Ayestas,  Alberto,  Pb.a, 1881. 

Tegneicalpa,  Hoadaras,  C.  A. 

Barkloy,  Howell  Fiuch.  E.  M 1*15, 

2S3  Wert  Fifty-fourth  Street,  New  York  (My. 

Baraard,  Aug.  Porter,  E.M., 1868. 

125  Ewt  Twsnty-sirth  Street,  New  York  City. 

Barros,  Louis  lie  Souia,  E.U.,  CE 18TT. 

Sao  I^nlo,  BrBEll. 

B«cksteiD,  Charles  Alfred,  Pb.B. 18S8. 

338  West  Fortj.9iith  Street,  Now  York  City, 

Beckwlth,  Charles  ElUworth,  Met.  Eug.. 1S88. 

SoDth  Baltimore,  Curtis  Bay,  Hd. 

Beckwith,  Oeofge  Alexander,  CE., 1380. 

Pa  tenon,  K.  J. 

Behleu,  Herman,  Ph.B., 1890. 

125  East  One  Huudred  and  Fifteenth  Street,  New  York  tSty. 

Behr,  Edward,  CE. iSTT. 

Behr  Bros.  &  C<k,  39e  Eleventh  Ave.,  New  York  City. 

Bell,  Heuderaoii,  M.,  Jr.,  E.M. 1886. 

Braniwelt,  Mercer  Co.,  W.  Va.,  and  Stauntou,  Va. 

Bergen,  Cbas.  Hill.  C.K ,        ,    1*<M. 

Red  Bank,  N.  J, 

Berry,  Gerald,  CE. 1889. 

*J.  Y.  Matiial  Gas-Llgbt  Co.,  E.  Eleventh  Street,  N.  Y,  Qty,  and  78  Horlou  Street, 
Brooklyn,  N.  Y. 

Belts,  Eonjco  Thompson,  CE. 1890. 

Iffl  Hulsey  Street,  Bwwklyo,  N.  Y. 

Bleccker,  Charles  Pophaio,  E.M ISSl. 

Atlantic  Dredging  Cb.,  Bayoune,  N.  J. 

Blis.t.  Collins  PecbiD,  Pb.B 1891. 

DO  Cedar  St..  Booiti  9,  and  123  W.  One  Hundred  and  Ftfty-foartb  St.,  N.  Y.  City. 

BolUs,  Raudoliih.  Ph.B., 1892. 

Euglewood.  K.  J. 
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Bolton,  Bobert,  Pl'-B 

lOe  West  Niueteenth  Street,  New  York  City. 

Breniuin,  Andrew  JoBepb,  C.E., 

Addreea  unknawu. 

Btldghftm,  Samuel  Willncd,  E.M 

19  West  Twenty -til  iri  Street,  New  York  City. 

BriuckerhofF,  Qeorge  Charley  KM., 

Apartado  183,  Uatonzas.  Cuba. 

Brinley,  John  Kowlett,  C,E., 

MorrUtown,  N.  J. 

Bronson,  Edward  Btelle,  A.a,  A.M.,  E.M„ 

49  Qardea  PUce,  Brooklyn,  tf.  Y. 

Bcowq,  Robert  Gilman,  E.M.. 

Sopt.  for  W.  A.  Clark  &  Bro.,  Box   SOS,  Butte,  Moat.,  and  170   West 
Tenth  Street,  Sew  York  City. 

Bnlckman,  Froderick,  E.M 

U.  8.  Mint,  and  130  West  Tblrd  Ave.,  Denver,  Colo. 

Bacfcingbam,  Frederick  Endicott.  E.M., 

Department  Public  Works,  Brooklyu,  N.  Y. 

Backland,  Will  A.,  Ph.R 

36  East  Tweuty -Second  Street.  New  York  City. 

Boah,  William  Falkner,  E.M., 

Address  uu known. 


Cady,  Linns  Bertram,  £.M.,C.B., 

334  West  Tbirty-Blgbth  Street,  New  York  City. 

Cary,  Oeo.  B.,  Pb.B., 

184  Delawate  Avenue,  BuBklo,  N.  Y. 

Caime,  Fred.  Irvan,  E.M., 

Ducktown  Copper,  Snlphnr  and  Iron  Co.,  Dncktowii,  Teiin. 

Cameron,  John  Oedney  Mott,  E.M.,  C.E. 

Aiaayer.  Box  188,  Nyaok  on-Hodson,  N.  Y. 

Campbell.  Alonzo  Clarence,  E.M., •  . 

Mining  Eagineer,  308  Kassell  Street,  Nashville,  Tenn.    Specialty,  Hill- 
ing and  Concentration. 

Ckirite,  Joseph  Haiwell,  C.E. 

38  Park  Place,  New  York  (Hty,  and  New  Brighton,  N.  Y. 

Cacaon,  Jooeph,  C.E., 

31  WMt  Flily-flnh  Street,  ffew  York  City. 

CbnrchiU,  Alft^  Daniel,  A.M.,  Mil.,  E.H.,  Ph.D.. 

Helena,  Hont. 

Clarke,  Wm.  Coivlee,  M.E. 

Cranford,  N,  J. 

Clayton,  William  Robert,  Ph.B 

Arcbitect,  31  and  32  Bialto  Building,  Chicago,  III. 

Cloud,  Leo  George,  A.R.  S.M., 

216  Moomonth  Street,  Newport,  Ky. 

Colton,  Froderick  Gray,  Ph.a 

130  Moutagne  Street,  Brooklyn,  N.  Y. 

Comstock,  Clande  NioholB.  C.E. -        .        .        .        . 

Addi«a  unknown. 

CoDltont,  Charlea  Louis,  EJH.,  C  E 

32  Park  Street,  Jeney  City,  N.  J. 


ovGoo'^lc 


—  72  — 

Caniwftll,  a«OTf[e  Bockwell,  E.&L,  QE., 18!6. 

WKllbriage  A  Co.,  87  V»nderwftUr  Street^  New  York  CStj. 

Conrwn,  George  Hampton,  E.H.,  C.B., 18S8. 

AddreM  nokDOirn, 

Corkendall,  ThomM  CoTnell,  C.E. 1690. 

Boadout,  K.  T. 

.  CoEzeos,  HMrmoo,  E.H., 18^ 

AddreM  nnknown. 

Criity,  Edward  Bnxloo,  Pb.B. 1891. 

Qreeairieh,  Codd. 

Cromwell,  JameaWilliao),  Jr.,  Pb.B. 1889. 

Architoot,  2B  Brevoort  Place,  BrookljD,  K.  Y. 

Cartii,  Chsrin  OordoD,  €.£., ISBl. 

PmideDt  Cottii  Electrical  Hfg.  Co.,  Whlton  St.,  Jersey  City,  K.  J. 

Davie,  WUIiam  MoDroe,  E.M., ....    1890 

Syracuse,  N.  Y. 

Del  CUvo,  Fnecls,  C.E 1884. 

Addres«  DDkoowo. 

Denton,  Frederick  Warner,  C.E 1889. 

Instractor  Civil  and  Uinliig  EngiDeering,  HoBgbtoD,  Mich. 

Detwiller,  Charles  Henry,  Ph. R 1885. 

Detwiller  &  Melandy,  Bennett  Bldfi.,  Fulton  and  NaauD  Sts.,  N,  Y.  City,  and 
S6  Danforth  Avenae,  Jersey  City,  N,  J. 

Doolittle,  Charles  Horace,  E.M. 1885. 

Addiees  ODknown. 

Downing,  Orrien  Piokerton,  Ph.R, 1879. 

San  Leandro,  Otl. 

Dnnn,  Qano  Sillick,  B.8.,  E.E., 1892. 

Elect.  Engineer,  Crocker-Wheeler  Electric  Co.,  Newark,  N.  J. 

Uarham,  Edward  B.,  ME. 1892. 

Box  54,  HinersTille,  Essex  Co.,  and  New  C^tle,  N.  Y. 

Elint,  Walter  Graeme,  KH.,  C.E.,  Fh.B.,  Ph.D 1?78 

"  tInlvBraity  Magazine,"  70  Sooth  St.,  and  UuiTeralty  Clab,  N.  Y.  City. 

Escobar,  Francisco,  E.H 1889. 

HedeliD,  U.  S.  <rf  Colombia,  S.  A. 

Falea,  William,  E.S.,  E.M.,  LL.B.,      ' 1871. 

Lawyer,  189  Montague  Street,  Brooklyn,  N.  Y. 

Fenner,  Clarence  Nonnan.  H.E.,. 1S6S. 

80  Leonard  Street,  New  York  aty. 

FergosOD,  George  Albert,  Ph.B. 1890. 

138  Wilson  Street,  Brooklyn.  N.  Y. 

Fisher,  Lloyd  Wiegand,  Ph.B. 1890. 

31  E.  Seventeenth  St.  and  109  E.  Twenty  .eighth  St.,  N.  Y.  City. 

Filch,  aisrles  Lincoln.  E,M. 1682. 

Supt.San  Pedro  Hine,SoDors,  Mexico,  and  134  Weat  Forty-aecond  Street, 
New  York  City. 

Fitob,  Josiah  Huntingdon,  E.M 1884- 

Address  unknown. 

FitEgetald,  George  E.,  E.M. 1884. 

El  Paso,  Texas. 
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Fisncke,  Babert  Otto,  CE. 1690. 

W.  Pa«sbnrg,  Esq.,  Hoacow,  BunU. 

Frankfleld,  Emil,  C.E., 1888. 

sa  W.  FonrteeDth  Street,  and  3SS  W.  Fifty -sixth  Street,  New  Toric  Citj. 

0«ge,  Sftinael  Edaoo,  Ph.B 1867. 

Architect,  114  Fifth  Ave.,  N.  T.  City,  and  FlnshiDg,  N.  Y. 

Gardner,  Watte  Denning,  CE IbSS. 

Addren  nnknoini. 

Oarrinn,  Edmund  Hoyt,  E.H.,  CE 1676. 

84  HIgbland  Street,  Tonlcers,  N.  Y. 

Oeer,  Qeorge  JarvU,  Jr.,  KH 1868. 

Merchant,  453  Broome  Street,  New  York  Cit;. 

Giddings,  Edward  Everett,  E.U 1867. 

Merchant,  413  So;al  ItuiaraDce  building,  Chicago,  111. 

Gillette,  Halbert  Powen,  H.E. 1992. 

Ketcbam,  Idaho. 

Ooldamlth,  Byron  BenjamlD,  Ph.B„ 1BS7 

Am.  Lead  Pencil  Co.,  Hoboken,  N-  J.,  and  IS  East  Seventy-fourth  St..  N.  Y.  City. 

Gould,  Edward  Ludlow,  C.E., 1890. 

69  Hawthorne  Avenue,  YoDkere,  N.  Y. 

Granger.  Abbott  D.,  CE 1892. 

198  Hooper  Street,  Brooklpi,  If  Y. 

Greene,  Wilkini  Updike,  Ph.B. 1889. 

104  Colambla  Heights,  Brooklyn,  N.  Y. 

Griffith,  Vincent  Oolyer,  Ph.B. 1889. 

Architect,  lU  Fifth  Ave.,  N.  Y.  City.and  IfiO  Herkimer  Street,  Brooklyn,  N.  Y. 

Griggs,  Wilfred  Eliiur,  Ph.B 1889. 

Architect,  Waterbury,  Conn. 


Hms,  Harry  Leopold,  Ph.B 1878. 

Carrire  and  Haaa,  38  Park  Place,  New  York  City. 

HaSbn,  Loai«  Franois,  A.M..  CE. 1879. 

Camminloner  Street  Improvements,  141iit  St.  and  Third  Ave,  and  S47  Courtlandt 
Avenoe.  23d  Ward,  New  York  City. 

Hamilton,  Schnyler,  Jr.,  A.B.,  A.M.,E.H 1876. 

Croton .on 'Hudson,  Weatebester  Co.,  N.  Y.,  Architect  and  Brick  Mana&ctnrer. 

Harker,  Charles  Sumner,  E.H.,      .       \ 1879. 

Address  unknown. 

Harmer,  Thomas  Hayes,  A.B.,  A.M.,  E.M., 1867. 

113  East  Twenty -seventh  Street,  New  York  City. 

Harrison,  Newton,  E.E., 1892. 

Elect  Engr.,  ISS  Liberty  fit,  New  York  City. 

Hart  Bumham,  CE. 1B85. 

Care  L.  W.  Hart,  44  Conrt  Street,  Brooklyn,  N.  Y.,  and  Ramsay,  N.  J. 
Out  of  health,  unable  to  piaotice. 

Hart  Charles  Henry,  CE, ,    .        .        .    1B90. 

199  Lenox  Avenue,  New  York  City. 

Haeegawa,  Yothlnoanke,  E.H.,  Pli.D„ 1876. 

Mltsu    Bisbi    fiha.    No.   11,  Aw^lcbo,   Nichome  Kauda,  Tokio, 


ovGoo'^lc 


Hftwkea,  Ein[l  Hi(cI>nu;Hl.A.B.,  EM 

907  Fiaii  Avenue,  N«n>  York  aty. 

H»y,  Arthur,  M.E. 

SprlDfifleld  Iron  Co.,  sodSSl  So.  Secoud  St.,  Springfield,  It). 

UeAtb.  Frederick  Millon,  E.M 

Potadani,  N.  T. 

Heince,  Frederick  Aaffostiis,  E.H., 

Oeneral  Haiiafter  Moiitunft  Ore  Prodnclnfc  Co.,  Bntte,  HoiiUna. 

Hemmer,  Frederick  Adolph,  Ph.B., 

62  Cednr  Stxeet,  New  York  City. 

Hooper,  Lodib  Hoshen  C.E. 

Sanltnr;  Department  New  Tork  Board  of  Health,  aod  care  of  J.  B. 
Hooper,  80  Chamben  Street,  New  York  Cit;. 

Holter,  NomiBD  Bernard,  E.U 

A.  H.  Holter  Hardware  Co..  Holeaa,  Hont 

Horn,  JamcB  Tbargten,  A.B..  C.E 

Naval  Architect, and  13  E.  Fiflythlrd  Street,  New  York  City. 

Homboatel,  Henry  Frederick,  Ph.B 

39  Second  Place,  Brooklyn,  N.  T. 

Hoyt,  John  Sherman,  C.E., ■.        ,        . 

934  Fifth  Avenue,  New  York  City. 

HndsoD,  Edward  Henry,  CE. 

Address  a u known. 

Huntting,  Henry  0([den,  Ph.R 

Architect,  4M  Ceasson  Ayenue,  Brooklyn,  N.  Y. 

Huntington,  i^hester, 

Boi  1780,  New  York  City. 

Ingram,  Edward  Lovering,  C.E 

_  St.  Augnstine,  Fla.,  and  Nyack,  N.  Y.,  now  tJ.  S.  Assistant  Engineer. 
Harbor  Eiiftineerinii. 

Ives,  Arthur  Stanley.  C.E.,  E.E., 

Engineer'a  Office,  N.  Y.  and  Brooklyn  Bridge,  and  33  Sidney  Place,  Brooklyn, 

Jackson,  Charles  Edward,  C.E 

1.5  Courtland  Street,  New  York  City. 

Jarmulowsky,  Meyer,  Ph.B 

27  JeSbraon  Street,  New  York  City. 

Jenney,  Walter  Proctor,  E.M.,  Pli.D 

U.  S.  Geological  Survey,  Washington,  D.C.,  and  Joplia,  Ho. 

Johnston,  Robert  Andrew.  C,£., 

Attorney  and  Conngellor,  132  Nasaan  Street,  New  York  City. 

Jones.  Thomas  John,  Met.  Eag 

Pulaski  City,  Va. 

Jo^ao,  Jose  Nabor  Pacheco,  QE,,  KU.,  Ph.B 

Panlieta  Bailway,  San  Paulo,  Brazil.  S.  A. 

Judd,  Charles  Break,  E.M., 

B30  Penn  Avenue,  Pittsburgh,  Pa. 

Keeler,  Frederick  Sterling.  Ph.B 


I.  Kent,  94  White  BIdg.,  Buffalo,  N.  Y.,  106  East  Thirty-eighth  St.,  N.  Y.  Gty. 


King,  Charles.  Ph.B., 

Bailroad  <:ontractor,  King  and  Dickinson,  Tacoma,  Wash. 


1891. 


1876. 
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Klelchks,  John  Joseph,  A.B.,  C.E., 1392. 

92  Veie7  Stieet,  New  York  Cily. 

Kohn,  Bobert  David,  Ph.B 1890. 

106  West  Sixty -fonrtfa  Street,  New  York  City. 

Korn,  Loais,  Pli.B., IS90. 

aei  Bnmdway  and  824  Madiaon  Avenno,  New  York  aty. 

Klepetko,  Frank,  E.M. 13S0. 

Superintendeut  Smvlting  Department,  Tamarack.  Oraeola  Copper  Mana- 
factnriag  Co.,  Dollar  Bay,  Mich.  At  present  Saperintendent  or  Coa- 
■truetiou  of  the  Qr«at  Falls  Smelter,  for  the  Boston  and  Montana 
Coosol.  Copper  and  Silver  Mioiog  Co.    Address,  Oreat  FMa,  Monttuja, 

Knapp,  JobD  Anguatus,  A.B.,  A.M.,  KM. 1870. 

Chicago  and  Aoront  Smelting  Co.,  Chicago,  III. 

Knox,  Charles  E.,  E.E., 18»2. 

Jhb.  W.  Qneen  &  Co.,  Philadelphia,  Pa. 

LedoQi,  Augustus  Damon,  Ph.R 1S81. 

A.  B.  Ledoui  and  Co.,  10  Cedar  Street,  New  York  City. 

Lee,  Henry  Charles,  CE., 1886. 

127  East  Twenty-first  Street  New  York  City. 

LicbtensteiD,  Edward  Gervaise,  Ph.B., 1S90. 

50  Broadway  and  14  W.  Seventy -fourth  Street,  New  York  City. 

Undsley,  Stewart,  E.M. 18T0. 

Orange,  N.  J. 

LiviugstoD,  Goodhue,  Ph.B 1892. 

Geo.  B.  Post,  Century  BIdg.,  New  York  City. 

Lord,  Nathaniel  Wright.  EM.,       . 1876. 

Professor  Mining  and  Metallurgy,  Ohio  State  Uuiversity,  Columbus,  O. 

Lowndes,  William  Shepherd,  Ph.B.,  1890. 

42  Sherman  Place,  Jersey  City,  N.  J. 

McDowell,  Fj«derick  H..  E.M., 18T2. 

117  I^iberty  Street,  New  York  City  and  Hontolair.  N.  J. 

Mcllheney,  Parker  C,  Ph.B., 1892. 

621  Grand  Street,  New  York  City. 

Mcllvaine,  Alexis  Beed,  Ph.B., 1888. 

Architect,  S8  East  Ninth  Street,  New  York  City. 

HcKiDlay,  Jamea  Buell,  M.E., 1892- 

H.  H.  Hodge,  20  Broadway  and  108  W.  Seventy-ninth  St.,  New  York  City. 

HcKleroy,  William  Henry,  Met  Eng., 1890. 

Cbshier  AnuiaCou  National  Bank,  Aunlston,  Ala. 

Maghee,  John  Holme,  A.B.,  A.M.,  CE. 1876. 

Cayuga  I^ke  lee  Line.  Bocheater.  N.  Y.,  and  16  East  Fifty-fourth  Street, 
New  York  City. 

Mahl,  J.  Thomas,  CE 1891. 

MtlU  Building.  New  York  City. 

Maun,  Horace  Borchseuiui,  Ph.B 1890. 

Orange,  N.  J. 

Map«B,  Charles  Halatead,  Ph.B., 1689. 

88  West  Fortieth  Street.  New  York  City. 

Marsh,  Charles  Wells,  Ph.B.,  Ph.D., 1379. 

Niftel  &  Moock  Co.,  126  Liberty  St.  and  435  Fifth  Avenue,  N.  Y.  City. 

Matthews,  Charles  Thompson,  Ph.B., 1889. 

Architect,  Elm  Park,  Norwalk,  Conn. 
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Hatml,  Niirokicfai,  Ph.B.,  Ph.D., 

Third  High  School,  Onki,  JapkB. 

Mattiaan.  Jowph  Oodle}'',  Fli.R 

Stai  Estate  Mid  Insannoe  Broker,  20  West  FoortMDth  Street,  Hew  York  City. 

Uelkl^ham,  TbomM  DUdd  Randolph,  C.E., 

S2  Wall  Street,  New  York  City. 

Hetnl,  Fnderic.  Ph.B 

307  Henry  Street,  BrookiTU,  N.  T. 

Heaa,  Antonio  Esteliaii.C.B., 

AddreM  unkDOnru. 

Hoeller,  Badolph,  Ph.B., 

IT  and  le  Williain  atieet.  and  33S  West  Twenty-ninth  Street,  NeiT  York 
City. 

Motewood,  OeorgB  Barrow,  E.H.,  Ph.D.. 

Te«  Importer,  13S  Front  St.  and  156  W.  Seventy-ilith  St.,  New  York  City. 

HotBwood,  Henry  Francis,  E.M.,  Ph.D. 

ImparCer,  Box  2037,  Sow  York  City,  and  Englewood,  N.  J. 

Mott,  Henry  AuBOBtoB,  Jr.,  Ph.D.,  E.M„  Ph.D 

Mining  Enxineer  and  Analytical  Cbemist,  61  Broadway,  New  York  City. 

Hurray,  George,  E.H 

235  Wot  Twenty-third  Street,  New  York  City. 


Nambo,  Eingo,  E.M 

Nagasaki,  Japan. 

Keymann,  Percy,  Ph.B. 

Chemlit  and  Anistant  Superintendent,  36  Michigan  St.,  Cleveland,  O. 

Nichols,  Harry  Parmelee.  E.H 

SflSa  Third  Ave.  and  Hotel  St.  George,  49  E.  Twelfth  St.,  N.  Y.  City. 

Nichols,  Ralph,  E.H.,  C.E 

Manager  Jay  Qonld  Mine,  Bnllion  A  Haley,  Altnns  Co.,  Idaho. 

Noble,  Cbarlea  Milton,  CM. .        .        .        . 

Manager  Bnttan  tStg.  Co.,  Annlston,  Ala. 


Oieranaki,  Isaac  Henry,  CE,, 

Address  nnknown. 

Owens,  Robert  Bowie,  E.E 

Profeesor  Elect.  Engineering,  Univ.  of  Nebraska,  Lincoln,  Neb. 

Ozoard,  James  Querrero,  Ph.B., 

Fnlton  Sugar  BeAnery,  Dock  and  Water  Streets,  Brooklyn,  N.  Y. 


Fahner,  Cortlandt  Edward,  E.M., 

Oeneral  Manager,  Argen turn,  Jnniata,  etc,  M.  AM.  Cos.,  Aspen,  Colorado. 

Parmly,Chas.  Howard,  B,8.,E.E 

Tutor  in  Math.,  College  of  New  York,  New  York  City. 

Fazos,  Vincent  Felix,  E.M., 

Care  of  Wm.  R.  Graoe  A  Co.,  Hanover  Square,  New  York  City. 

Perry,  Nelson  W.,  E.M., 

Editorial  Staff  "  Electrical  World,"  New  York  Qty. 

poster.  Philip  Charles,  E.H., 

Address  unknown. 

Pierce,  Harry  Nelson,  E.M 

Address  unknown. 
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PiM,  ChftTlea,  E.M., 

Link  Belt  EDicinMriDg  Co.,  Kleetown,  and  430  Fmoklin  Straet,  Phlla- 
delphia.  Pa. 

Piatt,  Cbarlea  SlasoD,  E.H., 

Aanyer,  21  and  31  Gold  St.,  New  York  C\tj. 

PoTtuoado,  JoBC,  C.EL, 

San  Baailio,  Alta  38,  Saotiago,  Caba. 

Foot,  WailaiD  Stooe,  Ph.B., 

Beroaidsville,  N.  J. 

Powen,  CoTDclius  Tan  Vant,  Ph.B. 

22  Weat  Forty-eighth  Street,  Nen  York  City. 

Primellea,  Jose  AltOandro,  C.F., 

Mercedee  23,  Paerto  PliDClpe,  Caba. 

Proctor,  WillUm  Boai,  E.U,, 

I^ttabargh,  Fa. 

pTOTOt,  GMrge,  Ph.B., 

ATChit«ct,  34  Highland  Terrace,  Orange,  N.  J. 


Badford,  William  HelshuD.  RH., 

Ljidenbargh,  Gold  HlniDg  Co.,  Limited,  Manchester,  Eng. 

Bandolph,  Edmaod,  Pb.B., 

E.  A  C.  Bandolph,  T  MasaaQ  St.,  New  York  Cit; ;  also  Knickerbocker  Clnb. 

Kaymer,  George  Sharp,  A.B.,  E.M., 

Ulne  Snperiutendent,  Idaho  Spriags,  Coloiade,  and  S3  SeveDlh  Avenue, 
Brooklyn,  N.  Y. 

Baymond,  AKred,  Ph.B. 

(1893,  In  Europe) ;  123  Henry  Street,  Brooklyn,  N,  Y. 

Beed,  William  Bell  Stephen,  E.M 

Address  ankaoirn. 

Beese,  William  W.,  A.B.,  E.E., 

Thomson- Hoaston  iHect,  Co.,  Lynn,  Mass. 

Richmond,  William  Thonuw.Fb.B 

68  Thomas  Street,  NeiT  York  City. 

Biggi,  Geo.  Washington,  Fh.B. 

Bidgetleld,  Conn. 

Boberts,  Arthur  Carr,  E.H., 

Addreaa  unknown. 

Boberts,  Giacie  Sayre,  E.M.,  C.E. 

Sewer  Bnresa,  Dept.  City  Works,  Brooklyn,  N.  Y. 

Bobertaon,  Kenneth,  £.H 

General  Manager  West  Superior  Iron  and  Steel  Co.,  W.  Snperlor,  Wia. 

Bobertaon,  Biohatd  Spot«wood,  Jr.,  E.H. 

Jackson,  Minn. 

BobinsoD,  Henry  Alvord,  Ph.B.,     ....        - 

Lawyer,  address  anknown. 

fiogers,  Charles  Louis,  E.M.,  C.E., 

823  Broad  Street  Chattanooga,  Tenn. 

Boss,  William  ColeniBO,  C.E.,  H.E., 

Butberfbrd,  Francis  Horris,  E.M 

AsilHttut  Engineer,  maintenance  of  way,  B.  ft  D.  B.  K,  Bicfauond,  Ta. 

Btttherford,  Lewis  Hopkins,  E.H., 

Franklin,  Pa.,  and  470  Washington  Street  New  York  City.    1888  to 
date.  Manlier  Ameriatn  Oxide  Co.,  u  above. 
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Sanden,  Wilbur  Edgerton,  E.H. 

Mine  Supt,  Eirinit  and  Beveiith  Aveimo,  Helcnk,  Mont. 

SHvage,  Seward  Merrill.  C.K 

2200  Pacific  Street,  Brooklyn,  N.  Y. 

Sawyer,  Charles  Pike,  Ph.B 

Addre«  nnknown. 

Shack,  Albert  P..  E.M 

Address  anhnowD. 

Schroeder,  James  Langdon.  C.E., 

Benwick,  Aspinwall  &  Reuwkh,  71  Broadway,  and  27  East  Tliirty-flrst 
Street,  New  York  City.    July,  1890,  to  date,  architectoral  dtBftsmaii. 

Sbemian,  Frank  Dempr.ter,  Ph.B., 

A4].  Professor  of  Archileclnre,  Colniubla  College,  School  of  Uines,  New 
York  City. 

Shops,  Ilenry  Brengle,  Ph.B., 

E.  M.  Hout,  Metropolitan  Bldg.,  No.  1  Hadiaon  Ave.,  itnd  16  West  Thirty- 
second  Street,  New  York  City. 

Skidmore,  Samuel  Tredwell,  A.B.,  Ph.B 

71  West  Fiftieth  Street,  New  York  City. 

Sloane,  Thomas  O'Connor,  A.B.,  A.M.,  E.M.,  Pb.D 

381  Broadway,  New  York  City,  and  South  Omnge,  N.  J.    Chemist,  ex- 
pert in  patent  cases  and  antlior. 

Small,  Franklin  Haorice,  Ph-B^ 

Architect,  199  Second  Avenae,  New  York  City. 

Smeaton,  William  Henry,  CE.,  RM.. 

3  W™t  Twenty-Diatb  St.,  New  York  City. 

Smedherg,  Henry  Asht«ii,  A.B..  CE., 

347  Fifth  Avenue,  New  York  City. 

Smith,  Maxwell,  C.E., 

Adon  Smith,  «  Bridge  Street,  New  York  City. 

Smythe,  Koland  Mulville,  E.M.,  CE. 

44  Broadway,  New  York  City,      1879  to  date,  banker  and  broker. 

Speyers,  Clarence  Livingston,  Pii.B., 

Associate  Professor  Chemistry,  Bntgers  College,  New  Brunswick,  N.  J. :  als 
50  West  Seventeenth  Street,  New  York  City, 

Sullnecht,  Frederick,  E.M., 

Editor.  11  Bond  Street,  New  York  City. 

Starr,  Henry  Fowler,  Ph.B 

ChemiNt,  Newark  Steel  Works,  38  Orleans  Street,  Newark,  N.  J. 

Steers,  James  l.ich.  Ph.B 

10  Enat  Thirty-eighth  Street,  New  York  City. 

Stevens,  Alexander,  CE 

P.O.  Box  37;  and  No.  1  Newark  St.,  Hoboken,  N.J. 

Stewart,  Hunter,  E.M 

Address  unknown. 

St.  John,  Thomas  Matthew,  Met.  Eng., 

New  York  City. 

Stoughton,  Arthur  Alexander,  Ph.B. 

93  Rue  dv  Seine,  Parts.  France,  and  16^  Washington  Ave.,  N.  T.  City. 

Stoughton,  Charles  William.  C.E., 

1665  Washington  Avenue,  New  York  City. 

Strleby,  William.  A.M.,  E.M  , 

Professor  of  Metallurgy  and  Assaying,  Colorado  College,  Colorado  Springs,  Colo. 
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Stnmt,  Willutm  Allen,  Fh^, 

366  Carlton  Avenae,  Brooklyn,  H.  Y. 

Suydam,  John  Richard.  Jr.,  E.M 

14  Eaat  Portf-flist  Street.  New  Toik  Cltj. 


Taylor,  Joseph  Brown,  E.M., 

27  Adams  St.,  Colombia  Iron  Worfaa,  and  514  Bedford  Ave.,  Brooklyn,  N.  T. 

Temple,  Setb  Jnatice,  Ph.R 

Winona,  Hinn. 

Thomaa,  Fran*  (diaries,  Ph.B 

243S  Indiana  Avenne,  Chicago,  111. 

Tfaompeon,  Hilton  Strong,  Ph.R 

Chemist,  Newbnryport,  Haas. 

Thome,  William  Lincoln,  Ph.B. 

Little  &  O'Connor.  2S  W.  Twenty-third  St,  New  York  aty,  and 
63  High  Street,  Yonkeis.N.  Y. 

Totten,  Qeotge  Oakley.  Jr.,  Ph.B.,  A.H.  (1892) 

62  North  Eleventh  Street,  Newark,  N.  J. 

Toucey,  Donald  Bntler,  LL.a,  E.H., 

261  Broadway,  and  743  Hadison  Avenue,  New  York  City. 

Towart,  James,  CE., 

Bo(  296,  Peekakill,  N.  Y. 

Trowbridge,  Samoel  Breck  Parkinan,  A.B,,  Ph.B 

Architect,  7  East  Porty-siith  Street,  aiid  33  Eaat  Beveutcentb  Street, 
New  York  City. 

Tncker,  Allen,  Ph.B 

Architect,  6S  West  Porty-Bfth  Street,  New  York  City. 

Tncker,  John  Henry,  Ph.B..  Ph.D., 

Address  noknoirn. 


VanBosk«rck,Bobert  Ward,  E.M '.        . 

Artist,  58  West  Fifty-seventh  Street,  New  York  City. 

Van  Brnnt,  Arthur  UuStean,  Ph.B., 

Architect,  27  West  Thirteenlh  Street,  New  York  City. 

Vanlntten,  Dudley  Arthur,  Ki.B., 

Chemist  Fibre  Conduit  Co.,  Orangeburg,  N.  Y.,  and  13B  Henry  St.,  Brooklyn,  N. 

Vnn  Leimep,  David,  E.H.. 

Anbnrn,  Placer  Connty,  Cal.    Fruit  ranch. 


WaEnwright,  Bichard  Tigbe,  C.E. .        .        .        . 

Eye,  N.  Y. 

Wallbridge,  Frederick  Kidder,  E.M 

Tl  Downing  Street,  Brooklyn,  N.  Y. 

Walker,  Joseph,  Jr.,  G.E., 

Mill's  Building  ana  113  East  Thirty-seventh  Street,  New  York  City. 

Waniel,  Albert  Qeorge,  Ph.D. 

KmscherTille,  SUten  Island,  N.  Y. 

Ward.  Norbert  Reillieni,  E.M., 

Morgan  Furn.  Co.,  1180  Broadway,  New  York  City. 

Wardlaw,  Jamea  Bobert,  C.E. 

2.1  Chambers  Street,  New  York  aty. 

Warren,  Cbarlea  Peck,  Ph.B.,  A.M.  (1892] 

286  Clifton  Place,  Brcoklyn,  N.  Y. 
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Wuren,  Llo^d,  Fh.B 

S90  Fifth  ATSDue,  New  York  Ctt?. 

WtterbaT7,  CornelliuBeea,  C.K. 

Lawyer,  SSO  Wcat  Fiftr-Bfth  Strest,  Haw  Tock  City. 

Wftten,  QMrm  Sftfforil,  Pb.B. 

Architect,  Andrem  A  Waten,  42  W.  Forty-third  SLi  H.  Y.  City. 

Webb,  Henry  WalMr,  E.M.,  LL.B„ 

Third  Vice-PrMideot,  H.  Y.  Q  A  H.  B.  BJt.,  ud  16  Wert  Forty -sevent 
Street,  H«w  York  fflty. 

Welsh,  Howard  Farriagton,  E.H^ 

Mingo  HouDtain  Coat  aod  Coke  Co.,  Uiddleiboro,  Ky. 

Werner,  Henry  Clay,  Ph.B 

120  Ea«t  Siity-flfth  St.,  Kaw  York  City. 

Wetmora,  Edwin  Atwater,  KM 

Iron  Hercbant.  Harqnett^  Hieh. 

Wheatley,  Jouph  YendM,  C.E., 

Pedlar's  Ran,  Honongahela  Co..  W.  Va. 

White,  Wm.  SberT,  E.H 

Dept.  Docks,  Pier  A,  N.  T.  City,  and  430  Qold  St.,  Brooklyn,  N.  Y. 

Whitman,  Edmund  Pineo,  E.H., 

PnriUn  Clab.  Bootoii.  Mom. 

Williams,  Frederick  Harrison,  E.H„ 

Bivenlde  Iron  Works,  and  31  Virginia  Street,  Wheeling,  W.  Va. 

Wilson,  Clarenee  Edgar,  Ph.B„  

Address  unknown. 

Wlndeeker,  Clifton  Niuhots,  CE. 

Brooklyn  City  By.  Co.  and  33  Sidney  Place,  Brooklyn,  N.  Y. 

Wood,  George  E„  E.M.,  Ph.B 

Architect,  63  William  St.,  and  37  West  54tli  St..  K.  Y.  City. 

Wright,  Albert  Allen,  A.M.,  Ph.B. 

Profeaaor  of  Oeology  and  yatnr»l  History,  Oberlin  College,  Oberlin,  O. 
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LIST  No.  4. 


Contains  the  names  of  Members  of  the  Atumni 
Association  classifled  territorially  by  residence. 
Those  not  members  of  the  Association  ere  not 
included  by  reason  of  the  uncertainty  as  to 
address  of  such  persona. 

CRbvised  to  July,  1893.) 
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—Bii-minifhftm,  C.  A.  Meiraner. 

AriEona.— e/»/o'.  A.  T,.  Walker  ;  T>.Bil>i,limf.  W.  F.  Si&unton.  K  Goodnin. 

California.— «."//<•.  T.  11.  Ia-kccu  :  !,•»  Anurlt*,  W.  F.  Briijwwn,  I*  <;. 
KiiHUin;  FiiU,  Afto,  L.  K.  Lenox;  Sim  Fiiincttcii,  J.  L,  i^illientlial ,  D. 
K.  Mpllis,  E.  C.  Van  Blnm>m ;  .S'r%,  K.  N.  Kngelhordt. 

Colorado.— .4ii;)c«,  A,  P.  ItsrJwell,  0.  W.  Miller;  Colnniiin  Springit,  C.  B. 
Cro«re!l,  W.  E.  Newberry.  G.  II.  Pareons  ;  D>-«Vfr,  H.  V.  F.  Fumian, 
M.  W.  Ilea.  C.  P.  Lacombc,  G.  II.  Schnilcr,  T.  B.  .Slearns;  Dumngi), 
E.  .}.  H.  Amy;  GlrumoHl  Sprino*,  W.  B.  Devereui;  (IMai.  M.  C. 
Ihlsens.  G.  0.  TilJen  ;  T^uhiflr,  L.  S.  Noble;  F-Mo,  A.  S.  Dwif-ht, 

E,  C.  l-ildy,  M.  B.  Holt.  F.  M.  Smith. 

Connaotiout.— /dH/j/r/i,,./,  L.  H,  Norton ;  OMmnpiBf,  W.  Hill ;  Hnrtford, 

A.  L.  liCVy,    . 

District  of  Columbia.—  Wmhiiiglmi,  E.  C.  Barnard,  Carl  Barus,  J.  S. 

Cox,  Jr.,  E.  M.  Douglaas,  W.  T.  GrLswul.i,  H.  Hollerith,  F.  W.  Tower, 

W.  H.  Weed,  B.  WilliB,  H.  M.  Wilaoii. 
WoviAe,.— BtirtloK.  F.  W.  Huntington. 
Georgia.-. S</(v/»H«;,.  D,  B.  FaU. 
TWmoia.—C'irthnge,  J.  C.  Ferria;  Chicago,  E.  G.  BarraU,  P.  Le  B.  Feam, 

S.  ».  Fowler,  T.  H.  Harrington.  H.  L.  Hollis.  0.  L.  Miller.  S.  B.  Peck,, 

F.  B.  F.  Rhodes,  W.  H.  Van  Arsdale,  L.  Waiapold ;  South  Chicago, 
K.  E.  Kilen. 

Idaho.— /e.>c*y  Bar,  L.  0.  Koch. 

Indiana. — Mutteie,  J.  R.  Marsh. 

Indian  Territory.— //nr/s/ii^ni,  E.  Ludlow. 

Iowa.— »H(-™j)«-f,  F.  P.  Bemis;  Othimwa,  S.  S.  Rice. 

Kentucky.— toMwi'iV?*-,  A.  J.  Lamb. 

Louiaians,— iVhc  Orleans,  A.  L.  Black,  0.  S.  Eastwid:. 

Maryland.— ^/if>H(y>c,  E.  A.  McCutloh. 

MassachueettB.- Oini^Wfif,  J.  A.  Noje§ ;  New  Betffonl,  N.  Hathaway, 

\V.  F.  WilliainB;  Snlem,  A.  Antbon ;  Spriiigfifld.  L.  J.  Powcfr. 
Uichigan.—If'itighton,  R.  M.  Edwards,  F.  McM.  Stanton  ;    Iron  Motin- 

taiii,  J.  P,  ChanniiiR;  Afirqnelfc.  R.  A.  Parker;    Vulcan,  W.  Kelly. 
MiBBOun.—  Ciiylhiif/f.,  A.  0.  Iblsenfi  ;  De  Sotfi,  0.  M.  Monroe;  Spn'ng/irid, 

W.  \V,  Tiittle ;  AV.  Loiiii,  E.  Harris,  W.  L.  Hoyt,  H.  C.  Mannheim,  W. 

B.  Poiter,  A.  F.  Kobneider,  E.  Starek,  A.  Thacber,  H.  A.  Wheeler. 
Montana.— S'^nii{n,  A.  M.  Ryon;  Btitli-,  F.  Sands,  S.  D.  Giffurd  ;  A-er 

/>«/'/^  F.  W.  TrapbnKen ;  Hi^emi,  W.  H.  Aldridgc,  P.  A.  L.  Mannheim, 
J.  li.  Parka,  C.  F.  Pearis;  Nfihort,  R.  M.  Raymond;  Sni^l^r,  A.  F. 
Einrich ;  H^fo«,  H.  M.  Cole. 

Nebraaka— Om»/io,  11.  Garlicbs. 

New  Mexico.— />«M  mi/,  T.  F.  Van  Wagenen ;  So/»m>,  Q.  B.  Lee. 

Kew  Jersey.— /(^.i-HyWrf,  N.  Butler.  Jr.;  Dorn-,  F.  A.  Can6eld;  Engle- 
m-»l,  \V-  W.  Burritt ;  //.V//t  Bridge.  C.  Le  BoutiUier  ;  Jeri-ey  City, 
W.  F.  Downs.  R.  H.  Vondy ;  Nmcark,  H.  0.  Atha,  0.  A.  Colton, 
F.  W.  Kinsey,  E.  Mere,  H.  M.  Murphy,  W.  E.  Preston,  G.  0.  Stone, 
F.  Vanderpoel,  W.  Wiener;  Neto  Bmtmoick.  P.  T.  Aasten,  A.  H. 
Chester,  W.  D.  Home ;  Or>uige,  R.  K.  Mosely ;  Fauaic,  E.  W.  Gniter- 
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man  ;  /V(A  Amboy,  D.  F.  Haasi's;  P/ainJield,  C.  BulImaQ  ;  fti'ncrfon, 
H.  B.  Cornwall;  Ringwood,  Q.  M.  Miller;  Trenton,  J.  H,  Janeway. 
New  Tort— ,4;fcany,  F.  J.   H.  Merrill;    Brooklyn,  R,  L.  Alien,  G.  H. 
Behrman.  G.  Berry,  F.  BloBsom,  D.  D.  Book,  G.  H.  CasamiOor,  E.  D. 
Churoh,  K.  P.  Clark.  H.  R.  Connell,  J.  T.  Corcoran,  J.  A,  Deghnfe, 

F.  D.  Dodge,  S,  G.  EiiRel,  8.  A.  Goldschniidt,  W.  A,  Herokenrath, 
J.  M.  Hewlett,  B.  0.  Hiiiman,  E.  D.  Hurlburt,  W.  D.  Jones.  J. 
S.  Laiigthorn,  F.  Lymnn,  W.  M.  Meserolc,  J.  Middlclon.  J.  Nes- 
inith,  T.  S.  Perkins,  A.  J.  Provost.  C.  B,  Rowland,  G.  Rowland, 
W.  W.  Share,  K.  Skinner.  G.  A.  Tibials,  S.  G.  Tibbals,  W.  L.  Tyler, 

E.  Van  Dyck,  G.  J.  Volvkening,  E.  R  Von  Nardroff;  Cnzmoeta, 
H.  Burden.  3d  ;  Clinton,  C.  H.  Smytli ;  Ithacn,  8.  B.  Newberry ;  Ijavrd 
Bill,  W.  C.  FergUBon;  Mamaroneck,    F.   P.  Smith;    Ml.    Vermn.  H. 

D.  Conant.  R.  Mulfonl ;  AW  Brighton,  A.  Hollick  ;  New  RodieBe, 
L.  P.  De  LiiM ;  Nac  York  City,  A.  Agratuonte,  8.  W.  Andrews,  L, 
H.  Ansbacher,  P.  T.  Austen,  8.  W.  Balch,  W.  M.  Baldwin,  J.  H. 
Banks,  G.  8.  Baxter,  A.  L.  Beebe,  W.  L.  Benedict,  K.  P.  Benjamin, 
M.  Benjamin.  W.  G.  Berry,  J.  R  Bien,  E.  M.  Blake.  0.  Bodelsen.  W. 
Boecklin.  Jr.,  R  E.  Boorsom,  R  C.  Boyd,  8.  R  Bradley.  N.  L. 
Britlon,  F.  X.  Brosnan,  F.  G.  Brown,  J.  H.  B.  Browning,  W.  Bryce, 
C.  R  Bnckley,  A.  L.  Bums,  E.  R  Bush,  N.  Butler,  W.   P.  Butler, 

A.  Caiman,  A.  C.  (-'anfield.  E.  P.  Casey,  J.  P.  V.tmion,  J.  B.  Caiildwell. 
C.  F.  Chandler,  J.  A.  Chureh,  G.  11.  Clark,  C.  E.  Colby,  S.  B.  Colt, 

G.  B.  Cornell,  H.  C.  Cornwall,  J.  C.  Cox,  F.  B.  Crocker,  A.  R.  Cnsh- 
man,  H.  G.  Darwin.  C.  H.  Davis,  J.  W.  Davis,  J.  A,   Deghnee,  A. 

F.  Delafield,  W.  A,  Dodsworth.  C.  F.  Dolan,  H.  E.  Donnelly,  J.  8. 
Douglas,  A.  W.  Dow,  8.  B.  Dowries,  D.  LeB.  DresBer,  I.  Vf.  Dnim- 
mond,  E.  L.  DuFourcq,  E.  K.  Dunham,  W.  L.  Dusenberry,  B.  H. 
Duteher,  W.  G,  Eberhardt,  T.  Egleston,  A,  II.  Elliott.  W.  Elliott.  G. 

E.  FahjB,  C.  F.  Ferrer.  H.  Feuclitwanger,  H.  Fish,  F.  W,  Floyd,  R.  G. 
Foster,  A.  E.  FoyS,  J.  W.  Frank,  W.  H.  Freedman,  S.  A,  Goldscbmidt, 

E.  B.  Gosling,  I*  P.  Gratacap,  J.  L.  Greenleaf,  8.  P.  Griffin,  L.  N. 
Gross,  E.  Gudeman,  E.  W.  G.iiU'rman,  A.  W.  Hale.  K.  W.  Hall,  A.  P. 
Hallock,  A  W.  Hankinson,  0.  E.  HardinR,  <).  B.  Hebert,  A.  M. 
Heinsheimer,    H.    H.    Hendricks,    R  W.   Hildrcth,  W.    E.    Hildrelh, 

F.  N.  Holbrook,  E.  H.  Holden,  W.  A.  Hooker,  F  F  Hunt,  F.  R 
Hntton,  W.  C.  Illig,  0.  Jat-k«on,  D.  M.  Jaoba,  S.  J.  Jacobs,  A.  W. 
Jenks,  B.  J.  T.  Jeup,  C.  H.  Joiict,  C.  P.  Karr,  J.  F.  Kem|»,  H,  S. 
Kiseam,  E.  C.  Koch,  J.  J.  Koeu,  W.  B.  Kunhardt,  J.  Uhey,  R.  Ubey, 

B.  B.  Lawrence,  D.  G.  Leary,  G.  Irfary,  E.  J.  Lcderle,  A.  R.  Ledoux, 
W.  P.  Little,  A.  R.  liivingston,  E.  G.  I»ve,  L.  Mol.  Lu.|uer,  T.  T.  P. 
Luquer,  G.  Lusk,  C.  F.  McKcnna,  R.  A.  McKim,  J.  Maelay,  A.  8.  Ma- 
bony,  L.  F.  Masea,  R  E.  Mayer,  C.  8.  McUnghiin,  L.  Marie,  E.  W. 
Martin,  J.  H.  Menitt,  H.  H.  B.  Meyer,  E.  H.  Miller,  J.  T.  Monell,  M. 
R  Montenegro,  M.  L  Mora,  I).  B.  Moran,  L.  Morgan,  W.  F.  Morgan, 

G.  W.  Morris,  R  K.  Moslev,  A.  J.  Moses,  H.  8.  Muuroe,  C.  K  Mm.sell, 
J.  G.  Murphy.  A.  H.  Napier,  K.  NeHel,  VV.  Newbrougli,  K  L.  New- 
liouse,  A.  C.  Nye,  M.  J.  O'Connor,  T.  D.  O'Connor,  E.  E.  Olcott,  E. 
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A.  Oothout,  F.  N.  Owen,  A.  McC.  P.rker,  H.  C.  Pwker,  C.  F.  Pwmga, 
Henry  Psnione,  W.  B.  Pareona,  C.  Q.  P»yne.  C.  E.  Peilew,  J.  P.  Pen- 
nington, W.  I'istor,  li.  Pilkin,  H.  H.  Porter,  Jr.,  A.  S.  Poet,  A.  V.  Z. 
PoBt,  J.  C.  F.  lUndolph,  J.  F.  Randolph,  R.  lUynor,  G.  F.  Reckhardt, 
K.  A.  It«ed,  B.  F,  R«eH.  J.  K.  Reea,  G.  Renault,  J.  M.  lUch,  P.  de 
P.  KickelM,  T.  W.  Ridadale,  H.  Rica,  F.  Roeeer,  0.  L.  R<%cre, 
0.  M.  Riilkcr,  0.  N.  Bo6d.  K.  0.  Rood,  A.  Rownthal,  P.  Rupp, 
F.  Ruttwan,  E.  E.  Shijc,  F.  A.  Schennerhoro,  W.  J.  Schiefflein. 
V,.  Schumann,  .L  G.  ScliKoian,  H.  T.  Shriver,  F.  M.  gimonds,  A.  Smith, 
I..  Smith,  W.  A.  Smith,  T.  E.  Snook,  G.  C.  Southard,  A.  N.  Spooner, 
J.  A.  SlBiiDtun,  J.  SlTuthere,  W.  H.  Stuart,  O.  A.  Snter,  II.  C.  Thoinp- 
8oti,  W.  H.  Titus,  Q.  R.  Tuska,  J.  R.  Van  Amringc,  A.  H.  Van  Sindenn, 
E.  Van  Volkenburgh,  H.  T.  Vulte,  J.  H.  Wainwright,  E.  H  Waller, 
W.  K  Wat«.  W.  H.  Weeks,  H.  McM.  Wekh,  J.  S.  (3.  Wdfe,  P.  0. 
Wcia,  R.  1).  White,  II.  P.  WhUlock,  V.  Wiechn.ann,  J.  T,  WiUiaiuB, 
K.  P.  Windolph,  C.  A.  Wittiaack,  I.  H.  WooUon,  E.  Ix  Younx ;  Xiigara 
fh/U,  E.  Z.  Bums,  8.  Freedman,  W.  S.  Humbert ;  Nortkport,  W.  H. 
loKfrniill;  Oiiliirio,  E.  M,  Parrot;  I'imghlceqaie,  A.  E.To\fei;  Rorha- 
tfr,T.  Nolan;  Siiiff  Sing,Vi.  S.  Page;  SiraneafeUt,  F.  M.  Thomae; 
^piiglfii  Diiycii,  E.  M.  Johnson,  G.  H.  Johnson,  I.  B.  Johnson,  L. 
li.  Ijonfcacre;  HyrtKiite.  H.  B.  Bellinger;  TarrytiAmt^  F.  N.  Holbrook; 
Tif,„</,'r<i(/a,  F.  (3.  Hooper;  TVjwij  I'xrk,  E.  N.  Van  CorlUndt,  UUat, 
(i.  W.  WillianiK;  White  PUiinx,  U.  E.  Slade;  WhiUMtoae,  W.  J.  W&l- 
law,  D.  W.  Ward  ;  loiutfia,  S.  W.  Bakh. 

North  Carolina.— rA»rf<>»r,  S.  W.  Oramer,  G.  B.  Hanna;  GreuuhoTo, 
V.  R.  Barllelt.  H.  Lipps,  Jr. ;  WlbnwgtoH,  F.  S.  Clark. 

Ohio.— fVnc.iiHiid',  C  B.  Uiiiiig,  J-  B.  Porter;  VUcdaad,  R.  F.  Jopling; 
V.  Si.  Walson,  R.  B.  Wataon ;  Partem,  V.  G.  Shiek. 

Peunsylvsaiiei.—Alleiikciii/,  G.  II.  Singer,  L.  Wcrtlieiiner;  AiiibUr,  E. 
Luti^en  i  BediMiriH,  A.  L.  Colby,  BnukUirk,  E.  Clark ;  ChanAerAtirg, 
T.  J.  Brenioii;  Mhih,,,,,  E.  H.  Wedekind;  McKearport,  T.  Tonneli; 
O»r,ola  Mill".  G.  McC.  U.  Good;  I'hilo.Mphia,  E.  A.  Congdon,  S.  M. 
Lillie  ;  A.  C.  Munoi,  Del  Monte,  G.  F.  D.  Trask ;  HUdmrgh,  T.  M. 
Ilo|ike,  II.  i^.  MacKayc,  C.  0.  Massa,  R.  G.  U.  Moldehnke,  0.  S.  Page, 
C.  A.  Painter,  G.  E.  Painter,  8.  Singer;  Scrautoi,,  E.  S.  Mo&tt; 
HV«WNiirc.  R.  V.  A.  Norris;  Hynrnf,  E.  Luttgen. 

South  Carolina.— CA((r/(»tn«,  P.  E.  Chaial. 

Teameeaea.—Kiioxville,  H.  J.  Merwin ;  HAicciVfr,  J.  J.  Ormsbee. 

Texas.- ftitf..*,  W.  Fisher  ;  E-igle  Fau,  W.  Hollis,  E.  G.  TuWle;  £1  fato, 
J.  J.  SlacTcague  D.  W.  Reekhardt ;  Hhajier,  W.  S.  Noyes. 

\JtaiL—Je>,^u,  A.  G.  J-.hnson;  N«a  Litlte  Cify,  H.  W.  Lea«iw,  T.  S. 
Mathis,  R.  H.  Terhune,  W,  A.  Wilson. 

•Virginia.— Jiichni..,„l.  R.  P.  Mullen. 

West  Vireinia.— /ViduWtH,  T.  W.  OsWirheid. 

Wisconsin.— //ui'/fj/,  G.  H.  Abeel. 

Wyoming,- /frtW/«(7«,  C.  E.  Blydenburgh. 

Wtshinffton. —i.Vr.«,  W.  C.  Butler,  G,  Miiller;  T<,anna,  G.  F.  -Mil- 
liken  ;  Seatllf,  J.  L.  Warner. 
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OUT  OF  THE  UNITED  STATES. 

AUSTRAUA. 
New  Sontb  Walea— R&adolph  Adams. 

BUBOPB. 

Bngi»nd.—Lmd»n,  C.  H.  Torre;. 

NORTH  AMBBIOA. 
Canada.— (?o/rfeN,  S.  S.  Fowler;  Monfmi/,  C.  E.  Gudewill ;   Qufbee.  R  D. 
Rhodes. 

SOUTH  AMERICA. 
Brazil.— ffto  de  Janftro,  Joho  Gordon. 
Colombia— ^aMi»,  C.  C.  lUatrcpo. 
O^aii.—A\itofagoila,  A.  F.  Wendt. 

CENTRAL  AMERICA. 
Cuba.— t'dTvfeiHM,  D.  L.  Clark  ;  Cieiifmgm,  A.  C.  Fowler ;  Mulanzus,  Y.  V. 

Polledo. 
Guatemala.— QHe»i/ren((n^,  J.  F.  Hawley. 
B.ondJxmB.—TeffH<iffiilp<i,K.  0.  FiaDos. 
Mexico —ConAmVu,  E.  G.  Turtle;  fVff  of  Mexico.  V.  M.  Bnisulii;  MmiU- 

rry,  T.  S.  AuHtin ;  Slruiloa,  A.  E.  Swain  ;  Sierra  Moj<ul<t,  K.  Huwe  ; 

Tapachnla  Chiopat,  J.  A.  Navarro ;  Ccmcepdoii  del  Ori;  A.  VV.  Lillien- 

dahl,  F.  A.  Lilliendahl. 

AFRICA. 
South  Africa  Republic. —JbAnnn«s^iri'^,  E,  A.  Willsie. 
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Constitution 

OF  THE 

ASSOCIATION  OF  THE  ALUMNI 

OF  THE 

SCHOOLofMINESofCOLUMBIAGOLLE&E 


INCORK)RATED  MAY.  1886. 


ARTICLE  I. 

NAME. 

The  name  of  this  Association  is  "  The  Association  of  the  Alumni 
of  the  School  of  Mines  of  Columbia  College," 

ARTICLE  II. 

OBJECT. 

The  object  of  this  Association  is  to  promote  the  professional 
wel&re  of  its  members,  and  to  strengthen  the  bonds  of  professional 
and  social  fellowship  among  the  Alumni  of  the  School  of  Mines. 

ARTICLE  III. 

MEMBERS. 

Section  i.  The  membership  in  this  Association  shall  be:  I. 
Active.     II.  Associate,     III.  Honorary, 

Sec,  2,  All  graduates  of  the  School  of  Mines  are  eligible  to 
active  membership  in  this  Association. 

Sec.  3.  Persons  who  have  completed  any  of  the  special  or  gradu- 
ate courses  of  the  School  of  Mines  are  eligible  to  associate  mem- 
bership in  this  Association. 

Sec.  4.  Persons  eminent  in  science  who  are  or  have  been  con- 
nected with  the  School  of  Mines  are  eligible  to  honorary  member- 
ship in  this  Association. 
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Sec.  5.  All  members  shall  be  elected  by  the  Association  upon 
proposal  by  the  Board  of  Managers. 

Sec.  6.  Honorary  and  associate  members  shall  have  all  the  privi' 
leges  of  active  members,  except  those  of  voting  and  holding  office. 

ARTICLE  IV. 

DUES. 

Sec.  I,  The  annual  dues  of  active  and  associate  members  of 
this  Association  shall  be  three  dollars,  payable  in  advance  on  the 
first  day  of  October  in  each  year.  Honorary  members  shall  not 
be  required  to  pay  dues. 

Sec.  2.  Any  member  not  in  arrears  may  become  a  life  member, 
and  be  relieved  from'further  payment  of  annual  dues  by  the  pay- 
ment, at  any  one  time,  of  fifty  dollars. 

Sec.  3.  Members  one  year  in  arrears  may,  after  due  notification, 
be  dropped  from  the  roll,  by  vote  of  the  Board  of  Managers,  and 
shall  then  forfeit  their  rights  and  privileges  in  the  Association 
until  all  arrears  are  pdid,  or  until  reinstated  by  the  Board. 

Sec.  4.  Only  those  members  not  in  arrears  shall  be  entitled  to 
vote  or  hold  office. 

ARTICLE  V. 

OFFICEKS    AND   MANAGERS. 

Sec.  I.  The  officers  of  the  Association  shall  be  a  President,  a 
Vice-President,  a  Treasurer,  and  a  Secretary.  These  officers  and 
eight  managers,  to  be  elected  as  hereinafter  provided,  shall  con- 
stitute the  Board  of  Managers. 

Sec.  2.  The  President,  Vice-President,  Treasurer  and  Secretary 
shall  hold  office  for  one  year,  and  are  eligible  for  re-election.  The 
Managers  shall  hold  office  for  two  years,  and  are  not  eligible  for 
re-election  until  one  year  after  the  expiration  of  their  terms. 

ARTICLE  VI. 

ELECTION   OF    OFFICERS    AND    MANAGERS. 

Sec.  I.  Before  the  last  day  of  June  of  each  year  the  President 
shall  appoint  a  committee  of  five  active  members  to  nominate 
for  election  by  the  Association  for  the  ensuing  year  a  President, 
a  Vice-President,  a  Treasurer,  a  Secretary  and  four  Managers. 

Sec.  2.  The  Nominating  Committee  must  send  in  the  nomina- 
tions to  the  Secretary  not  later  than  October  tsth  of  each  year, 
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and  such  nominations  shall  be  distributed  at  once  to  the  active 
members  in  the  form  of  letter  ballots,  which  must  be  signed  and 
fMwarded  to  the  Secretary,  and  opened  and  counted  by  tellers  at 
the  annual  meeting  of  the  Association. 

Sec.  3.  The  officers  and  managers  must  be  residents  of  NeW 
York  city  or  vicinity,  and  the  four  managers  shall  be  selected,  one 
from  each  of  the  four  groups  into  which  the  Board  of  Managers 
shall,  at  its  hrst  meeting  in  each  year,  divide  in  chronological 
order  the  classes  which  have  graduated  from  the  School  of  Mines. 

ARTICLE  VII. 

THE    BOARD   OF    MANAGERS. 

Sec.  !.  The  Board  of  Managers  shall  have  the  management  of 
the  affairs,  funds,  and  property  of  the  Association,  and  it  shall  be 
the  duty  of  the  Board  to  see  that  the  purposes  of  the  Association 
are  carried  out  according  to  its  Constitution  and  By-Laws. 

Sec.  2.  The  Board  of  Managers  shall  hold  at  least, four  regular 
meetings  during  each  year,  namely,  in  the  months  of  January,  May, 
October,  and  December.  Other  meetings  shall  be  called  by  the 
President  as  may  be  required. 

Sec.  3.  The  Board  shall  have  power  to  till  any  vacancy  in  its 
body  by  the  election  of  an  active  member  of  the  Association 
from  the  group  in  which  such  vacancy  occurs. 

Sec.  4.  A  quorum  shall  consist  of  a  majority  of  the  whole  Board. 

ARTICLE  VIII. 
president. 
It  shall  be  the  duty  of  the  President  to  call  and  preside  at  all 
meetings  of  the  Board  of  Managers  and  of  the  Association ;  to 
appoint  such  standing  and  other  committees  of  the  Association  as 
may  be  found  necessary  or  convenient  for  the  conduct  of  its  work, 
and  to  perform  such  other  duties  as  may  devolve  upon  him  by 
virtue  of  his  office. 

ARTICLE  IX. 
treasurer. 
It  shall  be  the  duty  of  the  Treasurer  to  collect  and  have  cus- 
tody of  all  moneys  and  pay  all  bills  of  the  Association,  but  no 
indebtedness  shall  be  incurred  unless  approved  by  the  Board  of 
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Managers  No  bill  shall  be  paid  unless  previously  endorsed  by 
the  Secretary.  The  Treasurer  shall  present  to  the  Board  of 
Managers  a  written  report  upon  the  financial  condition  of  the 
Association  at  the  annual  meeting  in  December.  His  accounts 
shall  be  audited  by  a  committee  of  the  Aiisociation  appointed  at 
the  annual  meeting. 

ARTICLE  X. 

SECRETARY. 

It  shall  be  the  duty  of  the  Secretary  to  issue  notices  for  all 
meetings  of  the  Board  of  Managers  and  of  the  Association,  to  keep 
minutes  of  all  meetings,  to  record  the  names,  addresses,  and  pro- 
fessional occupations  of  the  members,  and  to  perform  such  other 
duties  as  may  be  assigned  to  him  by  the  Board  of  Managers. 

ARTICLE  XI. 

MEETINGS. 

Sec.  I.  The  annual  meeting  of  the  Association  shall  be  held  in 
the  last  week  of  December  in  each  year,  unless  otherwise  ordered 
by  the  Board  of  Managers. 

Sec.  2.  Regular  meetings  of  the  Association  for  social  inter- 
course, or  for  the  discussion  of  subjects  of  general  or  of  profes- . 
sional  interest,  shall  be  held  in  the  city  of  New  York  at  such  time 
and  place  as  may  be  directed  by  the  Board  of  Managers. 

Sec,  3.  Upon  the  written  request  of  not  less  than  ten  active 
members,  the  President  shall  call  a  special  meeting  of  the  Asso- 
ciation, which  request,  as  also  the  notice  of  any  special  meeting, 
shall  state  the  object  for  which  the  meeting  is  called. 

Sec.  4.  A  quorum  shall  consist  of  thirty  active  members  of  the 
Association. 

ARTICLE  Xn. 

SUSPENSION    OR    EXPULSION. 

Any  member  of  the  Association  may  be  suspended  or  expelled 
for  misconduct  in  his  relations  to  this  Association  or  in  his  profes- 
sion on  proof  thereof  in  such  manner  as  may  be  prescribed  hereafter 
by  By-laws. 

ARTICLE  XIII. 

All  interest  in  the  property  of  the  Association  of  persons  re- 
signing or  otherwise  ceasing  to  be  members  shall  vest  in  the 
Association. 
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ARTICLE  XIV. 

AMENDMENTS. 

Any  amendment  to  the  Constitution  must  first  be  submitted  in' 
Vfriting  to  the  Board  of  Managers,  and  must  be  approved  by  a 
vote  of  two-tbirds  of  the  whole  Board  before  presentation  to  the 
Association.  Due  notice  of  any  proposed  amendment  shall  be  sent 
by  the  Board  of  Managers  to  every  active  member  of  the  Asso- 
ciation at  least  one  month  previous  to  the  meeting  at  which  such 
amendment  is  to  be  voted  upon.  A  three-fourths  vote  of  the 
members  voting,  in  person  or  by  letter  ballot,  shall  be  necessary 
for  the  adoption  of  such  proposed  amendment. 

BY-LAWS. 
I.  Unless  otherwise  directed  the  Order  of  Business  at  any  meeting 
of  the  Association  and  its  Board  of  Managers  shall  be  as  follows : 
I.  Reading  of  minutes  of  preceding  meetings  and  action 

thereupon, 
z.  Report  of  the  Board  of  Managers. 

3.  Reports  of  officers. 

4.  Reports  of  standing  committees. 

5.  Reports  of  special  committees. 

6.  Elections  and  announcement  of  elections. 

7.  Unfinished  business. 

8.  New  business. 

9.  Appointment  of  committees. 
ID.  Adjournment. 

IL  The  absence  of  any  member  of  the  Board  of  Managers  from 
two  consecutive  meetings  of  the  same,  of  which  he  shall  have  been 
regularly  notified,  shall  be  considered  as  a  resignation  on  the  part 
of  such  member,  unless  the  Board  shall  excuse  such  absence.  The 
vacancy  thus  created  shall  be  filled  as  provided  for  in  the  Consti- 
tution. 

in.  The  Standing  Committees  of  the  Board  of  Managers  shall 
be  as  follows : 

1.  On  School  of  Mines  Quarterly. 

2.  On  Badges. 

3.  On  Meetings  of  the  Association. 

4.  Of  Conference   with    the    Columbia    College   Alumni 

Association,  and  such  other  Committees  as  may  be 
necessary. 
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All  such  committees  shall,  at  the  expiration  of  their  terms  of 
office,  present  written  reports  to  the  Board  of  Managers. 

IV.  The  official  oi^an  of  this  Association  shall  be  the  School 
OF  Mines'  Quarterly,  which  will  be  furnished  to  all  active  and 
associate  members. 

V.  The  Standing  Committee  on  Meetings  shall  arrange  for 
regular  meetings  of  the  Association  in  October  and  March  of  each 
year  unless  otherwise  ordered  by  the  Board  of  Managers. 

VI.  These  By-Laws  may  be  amended  at  any  regular  meeting 
of  the  Association,  but  only  by  a  vote  of  two-thirds  of  those 
present,  and  provided  that  ten  days'  notice  in  writing  of  the  pro- 
posed amendment  shall  have  been  given  to  the  Board  of  Managers, 
and  also  that  notice  of  the  same  shall  have  been  given  by  the  Sec- 
retary in  the  call  for  the  meeting. 
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N  EW  YORK  BELTING  &PACXiNG  CO. 


XaXBdCXVS 

IS  PARK  BOW,  NEW  YORK. 


UQltcd  StBMi  at 

VULCANIZED 

IBBER   FABRICS 


BXTBA    BIJBBEIB 
WQR  MINING)-  PURPOSSa. 

RUBBER  CEMENT.= 


Circular  Woven  Seamless  AntlsepUo 
,  Rubber-Uned 

" CABLE"  HOSE  ABB  TEST  HOSE, 

For  the  nae  of  Stwam  Bngtnes,  Forae  Fomps, 

HoUIiiB  M11I^  Iron  Worlw,  nwtorie^ 

*•».  Woven  InampAilor  matiQer 

to  Insure  wear,  co  mpac  tneag 

aad  dnrabUIty. 


IMPROVED  HOISTING  ENGINES 

■imm  ?Din>iB. 


Witb  R«venlble  Link 
HoUon  or  Patent 
FrIctlMi  Dram. 


HAHUFACTURED 

HTTBX 

LiDGERWooo  Manufacturing  Co., 

96  Llberfy  Street,  New  York.        5  &  7  IT.  First  Si,  Portland,  Oregon. 
197-203  Congress  Stroet,  Boston,     9S  First  Avontia,  Httsbn^h. 
31  and  36  W.  llonroe  St,  CUct^.  610  N.  Foortli  St ,  St  Louis. 
15  K.  Sennth  Street  Fhiladelphia. 

FSASEB  k  OHALHEBS,  Salt  Lake  Oity,  Utah,  and  HeloDa,  Host 
HEHDBIE  k  60LTH0FF  HFQ.  CO.,  Donw,  Ool. 


Ogle 


("HatioiHl  Battery  ami  Boltiiig  Wire  Cloth.'/ 

ElECTBICITTASAIOTITEFOfEB 

IK  opERATnro 
THE   BLACKMAN 


I  attacbed  to  ihaA  (u  afaoini  In  cat)  or 
conDecwd  ta;  belt.     We  aln  nuDolacliin 
Flat-Blade  Fana. 
For  puttcDUn  addrcaa 

HOWARD  &  MORSE, 

4S  Futton  Street, 
Mew  York  €lly,  W.  ¥.,  U.  8.  A. 


WATSON  &  STILLMAN'S 

HYDRAULIC  MACHINERY 

WORKS, 
304-3I0  E.  43d  ST.,  -   -  NEIT  TORK. 

Uanufkcturan  o[  Enry  DetcrlptiOD  of 

Hydraulic  Jacks,  Hydraulic  Pumps, 

From  4  to  KM  Tons,  Forall  Conditians  «iid  Pur- 

All  sites  and  styles  usually  in  Over  no  dmcrent  vartetle*.  the 

slock,  ready  for  shipment,  reaultofjiyeara'eipertenco. 

HYDRAULIC  ACCUMULATORS, 

VALVES,  GAUGES  AND  FITTINGS. 

Hjrdraulic   Punches  for  X  Beams,   Steel  Rail*, 

Bridge  Works,  etc. 

AN   ALMOST   ENDLESS    VARIETY   OF  HYDRAULIC  TOOLS. 
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r.  -W.  SCA.XlEI^.^Z.iILi'S 

IJaPBOrSD  PATENT  BOTABT 

"  Helico-Pneumatic  "  Stamping  Mills, 

For  the  Kednotion  of  Silver,  Tin  and  Copper  Ora  and  Oold  ftnarti. 


"THE  STAMPS  OF  THE  FUTURE." 


Some  of  the  Materials  on  which  this  machine  on  be  used  for  Wet  Stamping  ; 
BeaMmn  SUg,  Bnu  Slag,  Emery,  Oamilater,  Oold  Qnaiti,  I^ad  Ores, 
MngaiMM,  Pottery  ShtaiKle,  Red  Oxide,  SUver  Ore*,  Tin  Orea, 


•'  I'NEUMATic  "  Stamper.    Capacity  one  Ton  through  a  4o-Me9h  Screen  each  hour. 
J.  W.  ]I&B8HAI>Zi,  Owner  and  Paten  tse. 

MANUFACTURED   BV 

NORMAN  HUBBARD, 

93  to  97  PEABL  STREET,       .       BROOKLYN,  N.  T., 

Where  all  communications  can  be  addressed. 
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SHEFFIELD, 

BNOI.AHD. 


SI  lOHir  BT, 
NEW  YORK. 


COLD  MEDAL,  PARIS,  1889. 
Eatabllahed  a  Centnir  Ago. 
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FRASER  &  CHALMERS, 

Mining  Machinery, 

Sectional  Machineir  ibr  Unle-back  Transportation 

tKFBOVXD  BTBAU  FITICFB. 

B0rLBHB-H0HI20NTAL.VliHTICAL  JLSO  SHOTIOHAI.. 
IHFBOTXD  CX^BLIBB  AlfD  SUSE-TAZiTE  BTZAJI  XNaiNBB. 
8TAUP-1IIIJ.S  F0;B  nrDT  OB  DBT  OBUBHIKO. 
HnNTUrOTOIT  OSHTTBIPnaAli  QUABTZ  HII.I.8. 
AHAIiaAAIATIlia  PASS,  BBTTtiKHS  ATTD  AOZTATOBB. 

bbttokbbb'b  ajti}  howbli.'8  ihpbovbd  whitxtb  boabtiha 
vubkacbST 

OOBNIBH  OBUBHUra  AITS  FUnSHma  BOIiIiS. 


Uprtl  Wlltll^JlIItet  BlM-PmiH  for  Galtia  anil  Cower  Ores,  etc^  etc. 

OEKERAL  OFFICE  AND  WOKKB, 

nriTov  AID  unoK  btbeit>,  chicaoo,  ill. 

Bkanch  OmcEs:  New  York— R.  4S.  No.  !  Wtll  BtreeL  D«DTei— IStd  EtebCeenth  EIrest. 
SalClJikeCltr— T  WtrtaecoudScHithBnvet.  ChlhufthmCln.Uex,— II  Citllede  Juarei. 
Loudon.  Gog.— SS  BDoUenbuir.    Lima,  Pttm,  South  America.    JobauueBborg,  Tniu- 

IMPROVED  FRUB  ORE  OONOENTRATOR, 

with  Improved  Form  of  Belt. 


The  bcM  Ore  CoaMntmtor  in  tbe  market.  bkvJDK  double  the  capadtr  and 
doing  iw  work  as  clone  as  the  plain  belt  machino.  It  is  used  in  a  nomber  ot 
milU,  the  most  notable  of  which  is  the  Alaska  M.  &  U.Co'b  Mill,  where  21 
ImproTed  Belt  Uachines  are  taking  the  pulp  from  120  stamps,  crushing  S50  tons 
d»ily. 

THERE  ARE  OVER  2200  PLAIN  BELT 


EMBREY  CONCENTRATOR. 

The  endflhahe  Belt  Machine,  rceerabling  Vanner,  except  in  direction  of  shake. 

Pamphlets,  leelimoniBU  and  further  informBtion  on  application- 
Salt  Iiake  City— 7  W.  Beoond  Boath  Street.   Denver- 1316  BiBMeenth  Street. 
Skq  Fruiolaoo-133  Uarket  Street.  Chihuahua  City,  Max.— 11  C^Ue  de  Jnares. 

Dlma,  Peru. 

Helens,  Uont.— Boom  2B  Herohanta'  National  Bank  Building,  No.  4  Nortll 

Ualu  Btreet. 

'FRASBR  A  CHAIiMBHS,  Foltan  and  TTnlon  Stnots,  CUoag^  HL 

Oanl  Acenf .  'WAXiTBR  UoDESMOTT,  Room  43,  9  IVall  BtTMt,  New  Tork. 
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■atMMlBbad  ISBI. 


Eimer&  Amend, 


I.H«a«lkatu«n  «r 

Chemicals, 
Chemical  and  Physical  Apparatus, 
Assay  Goods. 

9«D,  a«T,  ao9  and  311  Tblrd  AveMie, 
NEW  YORK. 

SOL.B  AQENT8   FOB 

SckBMt  *  HamiMtt'B  OHIo»>  *>«»<■.  PslarlMwrn.  «*«. 

P.  4c  M.,  LABtenackhMcvr'ii  Baeterlo>M>pleal  AppBr««aa. 
Dr.  O.  •ebelblcr'a  maadBrdBBKar-TtMllac  ln>tr«M*Bta. 
«ralB*r*Fi«ldrlali'>  eermaa  SUumware. 
tJarl  Hehlalakcv  A  Relin«ll'B  vbcnleAllr  Pbvs  Filter  Papers, 
H.  TrOBiiMdBrar'a  Strlellj  C.  F.  CtoemlwlB. 
H.  PIcltBsn'a  PaMBl  Wroaslit  Nlekclwnra. 
U.  Kepn  A  •ofen'a  Oep^Aii  Balanees  and  Wnlrbta. 
PnftiBMir  Ivllr'*  BalaaoM. 

^AGENTS   FOR ■ 

Dr.  «.  «ni«bl«r'B  MIeraMople  Ctoadm. 
P.  DeaaoatlB,   Lemalr«  A  Os.'b  OheHleallr   Par*  HawaerMl 

PlatlBan. 
SPBCIAL,XIES.-A  full  list  of  Assay  Goods,  includinB  Blowpipe  Ap- 
paratus of  moat  approved  make.  Absolutely  pure  Chemicals  and  Acids;  Royal 
Berlin  and  Meissen  forcelain;  Karaliet's  Bohemian  Glass;  Fine  Analytical  Bal- 
■nces«and  Weights;  Collectioiu  of  Metals,  Minerals,  Rocks,  Crystals,  Crystal 
Models,  etc. 


ZEISS  MICROSCOPES. 


Mr.  ICarl  Zeiss,  ur  rather  his  successor.  Dr.  Ktivi'k,  in  Jena,  has  no  rival  in  the 
manuracture  of  Stands  and  Objectives.  He  is  the  inventor  of  all  Ihe  latest  im- 
provements in  Microscopy,  vii. ;  Abbt  Condenser,  AliW  Camera  Lucida,  Iris  Dia- 
phragm, Apochromalic  and  Achromatic  Objectives,  Compensation  Eye-Heces,  etc. 

'i'he  newest  production  is  a  series  of  Pholc^raphic  Lenses,  called  AnaaUgmatte 
Donblcta  and  mpl«ts,  fur  which  separate  Calalc^ues  and  Price-lists  arc  furnished 
by  us  upon  request.  His  NEW  CATALOGUES  of  189I  and  189a  are  just  out, 
and  contain  very  valuable  information.  As  Sole  Agent  I  am  enabled  to  import  all 
his  app.-iritus  at  the  very  lowest  rales.  Orders  for  Colleges  and  Institutions  filled 
promptly,  duly  free.    Catalogues  furnished  on  application,  for  aoc.  in  postage  stamps. 

F.  J.  EMMERICH,  Sr.,  Agent, 
•%*  MVRRAT  STREET,      ...      -       MEW  YORK,  H.  T, 
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ESTABLISHED  1848. 


THE  HAZARD  MANUFACTURING  CO. 


FOB  FOB 


ELEVATOEJ,  "^B™. 

SBlPBltiGlllQ, 
SDSPEIISIOII 


PLA1IE8, 
SHiFTS, 
SLOFES, 


mHsnssioii 


Jit OFPOWEB,Etc, 


CABLES  FOR  STREET  RAILWAYS  A  SPECIALTr. 

Oenanl  Oflka  and  Worki,  Office  and  Wu-croomm, 

WILKES  BARRE,  P*.      87  Liberty  St.,  NEW  YORK. 

THE  STRSnON  SEPARATOR  |  THE  GOUBERT 

Feed- Water  Heater 

Defies  Competition 
in  Quaiity,  EfTectivcness  and  Price. 


DELIVERS 


DRY  STEAM 


How  long  your ' 
Steam  Pipe 

or    how     mucli    your 
boiler  may   prime. 

An  alisolule  safe^juard. , 
A  Miurce  of  economy 
Senil  for  our  new  pub. 
licalion,  "Dry  iSltam 
lie  Foajufalion  of  Eeon- 

application. 


■  of  Csluiabla  O 
DC  of  Ihaae  Heater 
plant  of  the  Collet 


The  Btratton  Separator  Co.,    _.      -      u  _a  uxl.    n 
32  Cortlandt  St.,  The  60110611  Mig.  UO. 

NEW  YORK.  I     32  Cortlanitt  St.,  New  York. 


ovGoo'^lc 


-SILVER-PLATE- 


FORKS,  SPOONS 


IN  ALL  QUALITIES  llRIVbWy 

AND  PRICES. 


PRICE-LIST  OF  ALL  PATTERNS, 

PER  DOZEN. 

Teit  Spoons M  DO        Sugar  Shells '. $6  00 

Table  SpooDB 8  00       Butler  Knivee 8  00 

Medium  Forks. 8  00        Pickle  Forks 9  00 

Dewert Forks.. 7  00       CoAeeSpooiu 4  00 

DwMrt  Spooiii. 7  00        Table  KaiTes. 6  DO 

These  Cioodi  are  irARRANTED  to  be  ntade  or  tea 
per  ceal.  Nickel  Silver,  and  are  blgblr  Plated  and 
Finished.  The  demaad  for  ttaetn  Is  steadliy  lacreas- 
1ns.    HandaomelT  pat  np,  one  dozen  In  each  box. 

Dlscoaal— AO,  lO  and  ft  per  cent. 


Sterling  Silver  Plate  Co. 

17  AND  19  BROADWAY, 
NEW  YORK,  -      U.S.A. 
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Paper  Hanging.  Kalsomining. 

MICHAEL  FLYNN  4  SON, 


DECORATORS 


445  W.  52d  St., 


SEND  TO   US   FOR    AN    ESTIMATE   ON 
PROPOSED    WORK.. 


Over  Twenty  Years'  Experience. 

House&Sign  Painters 

JOBBItrO  in  all  ito  Branches  prompUy  attended  te. 
PLASTERING.  X  X  DECORATING. 


_,>,oglc 


CEESCENT  STEEL  CO. 

PIXT8BIJKGH,  PA., 

Manufacturers  of  the  'Well-Kno'wn 


FOR  ROCK  DRILLS  AND  MINING  WORK. 


Xi>ol  and  Die  8te«1  of  tlie  Best  Quality)  Slieet  Steel, 
Spring  and  Blaclilnery  Steel, 

STEEL  FOR  EDOE-TOOLH  &  HARDWARE  OF  EVERY  DESCRIPTION, 
POLISHED  DKILI^RODS  AND  FINE  ^VIKE, 

STEEL  FORGHfeS,  COILED  SPRINOS,  Eto. 


64  A  «e  So.  Clinton  St., 

CHICACM*,  Ills. 


Eaatern  Office  and  Wanhouie, 

480  Pearl  St., 
NEW  VOHK,  N.  V. 


£BEN  E.  OLCOTT,  E.M., 
MININO  ENGTNEER 
AND  METALLURGIST, 
18  Brofdwaj,  New  York. 


EuKm  npRMnutive  of  the  M.   f 

::onlmuou>  MiUirE  Syutm, 

Cable  Addreu,  "Kraholika." 


I^AVNARD,  GEO.  W., 
Mining  and  Metallurgical 
ENCINEEII. 


OFFIOB,  31  HABSAH  ST,  HET  TOBE. 


FRED.  J.  MEYER, 

MANUFACTURER  OF 

All  kinds  of  Paper  Boxes, 

PAHFHLET  CASES,  SMALL  TRATS  FOR  MINERALS,  Ete., 

22  Beekman  Street,    -    -    -    New  York. 

.,„...., .ogle 


wiAiJom 

Two    Handsome 

Photo  -  Engraved 

DISPLAY   SHEETS, 

ENTITLED 
"RECENT  IMPROVEMENTS  IN  AIR  COMPRESSORS," 
"RECENT  IMPROVEMENTS  IN  ROCK  DRILLS." 

Mailed  Free  to  any  one  who  will  cut  oat  this  Advertisement  and  mail  it  to  at 
with  his  name  and  address. 


THE  INGERSOLL-SERGEANT  DRILL  CO, 

NO.  10  PARK  PLACE,  NEW  YORK. 
ESTABLISHED  1848. 


THE  HAZARD  MANUFACTURING  CO. 


KANUPAfTTCREIia   OF 


FOR  FOB 


ELE7AT0IiS,  MBM, 


PLAKES, 
SBiFT8, 
SLOPES, 


TBAIsnsSION 


Bt'  OFPOmElc. 

CABLES  FOR  STREET  RAILWAYS  A  SPECIALTY. 

Qenaral  OfBcc  and  Work.,  Oflce  ud  Wweraom., 

WILKEI  BARIIE,  PA.      87  Liberty  St.,  NEW  VOKK. 


JyGOOi^lC 


Trautwine's  Pocket  Book. 


"  Without  doubt  it  has  proved  itself  to  be  the  most  useful 
hand-book  in  the  language  for  the  Engineering  profession." 

JOHN  WILEY  &  SONS,  New  York. 

E.  a  F.  N.  SPON,  London. 

CAMERON  STEAM  PUMP 


SIMPLE,  RELIABLE,  DURABLE. 


NO   OUTSIDE  VALVE    GEAR. 


For  Catalogue,  address 


The  A.  S.  Cameron  Steam  Pump  Works 

STREET, 

l).q.i7isb,G00i^lC 


FOOT  EAST  TWENTY-THIRD  STREET, 

NEW  YORK. 


THE  DEANE  PUMPS, 

For  Every  Service. 

MINING  PUMPS 

m    GREAT    VARIETY. 


MANUfACnntED   E 


THEDEfE^TEi^MpUMpCO 

Holyoke,   Mass. 
New  York,  Boston,  Chicago,   Philadelphia   and   St.  Louis. 


Correspondence  Solicited. 


SMNJ>  FOR  NEW  ILLVSTRATED  CATALOGUE, 
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(SotumMa  College 
In  tte  <ti«:  of  Ntlu  ¥orit. 

CoLUUBiA  CoLLKGB  IN  THK  CiTV  OF  Nkw  Yokk  al  the  present  time  condsts 
of  the  School  of  Arts,  the  originBl  college,  fsundcd  in  1754  ;  of  sundir  professional 
schools,  lo-wit ;  the  School  of  Law,  the  School  of  Mines,  uid  tbe  College  of  Phir- 
sicians  and  Surgeons,  admission  to  all  of  which,  ai  candidates  for  professional  de- 
grees, is  open  to  all  students  K-hether  or  not  the)'  arc  college-bred  men ;  and  of  the 
UnivcTsitT  Faculties  of  Law,  Medicine,  Mines  (Applied  Science),  Political  Science, 
Philosophy  and  Pure  Science,  which  conduct  all  courses  leading  to  the  universi^ 
degrees  of  Master  of  Aits  and  Doctor  of  Philosophy, 

The  point  of  contact  between  the  college  and  the  univcruly  is  the  senior  year  in 
the  School  of  Arts,  during  which  year  students  in  the  School  of  Arts  pursue  their 
studies,  with  the  consent  of  the  Faculty  of  Arts,  under  one  or  more  of  tbe  Univer- 
sity Faculties. 

I.  THE  SCHOOL  OP  ARTS. 

The  School  of  Arts,  or  the  college  proper,  has  a  curriculum  of  four  years'  dura- 
tion leading  to  the  degree  of  Bachelor  of  Arts.  Candidates  for  admission  to  the 
School  of  Arts  must  be  at  least  fifteen  years  of  age,  and  pass  an  examination  on 
prescribed  subjects,  the  particulars  concerning  which  may  be  found  in  the  annual 
Circular  of  Infoimation. 

II.  THB  UNIVERSITY  FACULTIES. 

The  University  Facnltiei  of  Law,  Medicine,  Mioes  (Applied  Science),  Political 
Science,  Philosophy,  and  Pure  Science,  taken  together  constitute  the  University. 
These  university  faculties  offer  advanced  courses  of  study  and  investigation,  respect- 
ively, in  (<i]  Private  or  Municipal  Law,  (6)  Applied  Science,  (c)  History,  Econ- 
omics, and  Public  Law,  (d)  Philosophy,  Philology  and  Letters^  and  {e)  Pure  Sci- 
ence. Courses  of  study  under  one  or  more  of  these  university  faculties  arc  open  10 
members  at  the  senior  class  in  the  School  of  Arts  and  to  all  students  who  have  suc- 
cessfully pursued  an  equivalent  course  of  undei|;radnate  study  to  the  close  of  the 
junior  year.  These  lead  through  the  Bachelor's  degree  to  the  university  degree  of 
Master  of  Arts  and  Doctor  of  Philosophy. 

III.  THB  PROPBSSIONAL  SCHOOLS. 

The  professional  schools  are  the  Schools  of  Law,  Mine^  and  Medicine,  to  which 
all  students,  as  well  those  not  having  pursued  a  course  of  undergraduate  study  as 
those  who  have,  are  admitted  on  terms  prescribed  by  the  faculty  of  each  school  as 
candidates  for  professional  degrees. 

I.  The  School  of  Law,  established  in  1858,  offers  a  course  of  study  coveringa 
period  of  three  jean,  and  designed  to  give  full  and  accurate  instruction  in  ue 

C'nciplea  and  practice  of  private  and  public  law.  The  degree  of  Bachelor  of 
u's  is  conferred  on  the  satisfactory  completion  of  the  course,  and  in  addition 
thereto  the  degree  of  Master  of  Arts  is  Conferred  upon  college  graduates  who 
comply  with  the  conditions  prescribed  by  ibc  University  Council. 

X.  The  School  of  Mines,  established  in  1864,  offers  tbe  following  courses  of 
study,  each  of  foutyears'  duration,  and  each  leading  to  an  appropriate  professional 
degree,  namely.  Mining  Engineering,  Civil  Engineering,  Electrical  Engineerii^, 
Metallurgy,  Geology  and  PaJteonlology,  Analytical  and  Applied  Chemistry,  Archi- 
tecture. The  degree  of  Master  of  Arts  is  conferred  upon  college  graduates  wha 
comply  with  prescribed  conditions.  There  are,  also,  an  additional  course  for  grad- 
uates in  Electrical  Engineering,  and  a  graduate  couise  in  Sanitary  Engineering, 
each  leading  to  an  appropriate  degree. 

3.  The  Collie  of  Physicians  and  Su^ons  offers  a  thr«e  years'  course  of  study 


SETH  LOW.  LL.D.,  President. 
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ELECTRICAL  REVIEW, 

13  PARK  EOW,  NEW  YOKE. 


SAMPLE  COPY  Free  !  tSOOper^aar.   52  Imss. 

TEE  BEST  iDYEBTIsnia  HEDIDI  ID  TIE  EUCTSICiL  FIELD. 

FRED'K  W.  OEVOE.  JUES  f.  DRUMMOMD.  I.  SEAVER  PK6E 


F.  "W".  DEVOB  &  CO.. 

On.  rnlton  stnd  TUliam  Stneta,  Ntv  York, 

HANDFACTURERS  OF 

A.RTISTS'     M^TEEI^LS, 

BCPPUBS  FOB 

Oil  and  Water  Color  Painting,  Pastel  and  Miniature  Painting, 

Etching,  Ornamenting  and  Designing.     Materials  for  Tap 

estry  Painting,  Repousse   Tools  and  Lustre  Paints. 


— MAKUFACniRKRS  OP  JINELY  PREPARED— 

Artists'    Oil    Colors    in    Tubes, 
fins  beitsnss  foe  oil  &  watee  coloe  faintina, 

Bry  Colors,  Colors  in  Oil  and  Japan  Tine  Tamislies, 

Eeady  Mixed  Paints,  Wliite  Lead,  Ac. 

—MANUFACTURERS  OF— 

MATHEMATICAL   INSTRUMENTS, 

Engineers'  Supplies  and  Draughtsmen's  Materials, 
I  iiDini,  Tnaults,  S[ilii,TiKi,CniisSicDoiPipen.niglolltii,Tniiiti,l(Teli,Eti. 

JtrST  POBLISHED.    -    -    PRICE,  »5.00. 

MINER'S  POCKET-BOOK, 

A  REFERENCE  BOOK 

QEOLOOISTS,  1 


MEN.  A^SAVERS.  METALLURGISTS,   AND  METAL  MERCHANTS, 
ALL  OVEK    THE  WORLD. 

BY  c.  a-.  ■WAH.N-s'OKr)  LociE, 

Author  of  "  Pnctical  Oold  liTinlnE,"  Etc.,  Etc. 
4T2  p^«B.    Limp  Leather.    Gilt  Edgea. 

SPON  &  CHAMBERLAIN,  ..S'SKSISlu, 

I<  GOBTE.AIIDT  STBBET,  KEW  TOBM. 

Coplaa  wnt  to  any  addien,  post-paid,  on  receipt  of  ptlce. 
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?ATEin' VI8E8 

'am  and  To^lo  Joint. 

BuwnuT  It  riTin  sfim 

UBB. 

laaoHpAnbl*  fbr  Stnaftt, 

DiumHUtT,  rim  Hold 

and  QaiBk  Vaik. 

Hh  improTid  T»p«.  Pipe  *Bi 
.^k— .M.^hnenti.  Mmdeini.iK, 

>Dd  eu  '«>>  'r'dita  ^ 

tbe  indc.    Scsd  br 


TOIIBUTOJiKr., 


A.  J.  OOEOORAN'S 

CTOHH-DEFTINfi 
^        ^MILL. 

MgWPMTTESK  — 

mmovio  -x-  BonsMoit. 

PatentBd  June  >nd  Anpist,  1880 ;  June 
and  Septembei,  iSSg,  and 
April,  i8gi, 
lEicladLDg  Hoipe  of  the  most  important  un> 
provemenli  ever  made  in  wkodmills  and 
retaining  all  that  is  valuable  in  the  old 
make  of  mill. 

27  Yeire'  Pniotloal  Expariam. 
The  only  windmill  made   (o  standard 
f^uge  and  parts  of  each  miii  of  the  same 
sixe    interchangeable.      Every    mill  war- 
ranted as  to  durability  and  efficiency. 


OFFICE  AND  SAI^SROOM, 

76  iOHH  STREET,  -  -  NEW  YORK  CITY. 

VaotorTi  Joraey  Oltr,  H.  J. 


THE  E.  S.  GREELEY  &  CO.. 

5  arta  7  Deft  St.,  Kev)  York, 
SLECTBICAL  MSASVESICBXT  APPABATTSj 

Send  fbr  Sp«ul  CaulugiK  of  Suudjinl  Ten 
WTCLeellAPH.  TELCPNOHE.  ELECTRIC  UBHT,   ELECTRIC  1 
BELL  BURBLAR  AUtBM,  anil  all  kind*  of  ELECTRICAL 

SUf  PLIES  anil  APPARA  TUS. 
BEOHKITT  BUKSLAK-ALARK  OUITIT,  Prln,  tG.00. 

THRSiiiPLisTBL&CTKICBURaI.AR-ALARMiii  nnrinci 

UUMtar  HOUSE     ind     HOTEI.    ANNUNCIATORS     and      >tl 

MWHW&r.  Bumrial  ntcBurv  fon  itii  kind  of  wort.  EleclHcal  Toy«  and 
Bntrlmaatal  Apparatiu,  Tuepler  Holu  Umcbioei,  InduciioD  (Jolls,  Cetailer 
Tub«,  UMon,  eic,  eic.    Incandeacent  Ljimpi  of  ill  iiiu,  from  or-  "-"^  — ^'- 


ppwar  upwiuxl.  Porublc  Electric  Lighi  UuiGii  for  Phfildani' and  Dcnliiti' Ute. 
Teleeraph-StudcDt'a  OutHta.  A  complete  Outfit  10  Wrn  Teletnphy,  Indudinc 
inltniciion  book.  Price,  fj.  n.  The  Phlloaopfay  and  Piactlca  of  Hont  Tali^iapuj.  n 
new  iheDrellcnl  ud  practical  guide  ibr  leamen.  Price,  hy  <^1  pcitpiid,  i;  cenu  per  euy. 
Speak ln(-Tubea  and  WhlaUii  and  all  the  AppolntmeDin  Id  thii  line  ol  trade.  Uchtnfas 
Rod*.    Elfctric-Blaatlni  Apparatua  and  Fua«,  etc,  ate.  , 


The "LANCASTER" 

ROCK  CRUS H ERS  &  GRAPPLES 


"oducE^    Hall  th«  power  oiUy  rtquircd^  and  ii  feu  liable  to 
ick  for  iDBadamiiiiig  and  concret'np  puipoBW,  and  alio  for 


:tc..  by  h*Dd,hOTKaT 


:i  '•   Aulomalie   Grapplei.   En- 


Ein».°Ilidtl^"d!h^*'!andste^-pow«Ha'i>len. 

SEND  FOR  NEW  ■'  1891  "  ILLUSTRATED  CATALOGUE 

JAUES   H.    LANCASTER,    PBt«ntee  and  .Monnfaotiirw, 
141  BROADWAY,  KEW  YORK. 


'le  Inventor's  Reward 

Irleinatlng;  and  PcrfecIlaB  the  ELASTIC 
3,  SECTIONAL,  SPIRAL  and  SPECIAL 
TER  PACKING,  ia  thE  largeat  Trade  in  Fi- 
■  Packing  In  the  world,  and  the  popular 

'ct.  Tlie  Garlock  Is  the  best. 

ml  mell  or  blow  out.    I'cned  lo  lund  ldiciiic 


THE  CARLOCK  PACKING  CO., 

NewVork,  194  IVater  St.    Chicago,  94  Franklin  St. 

Plilladelplila,  Pa.,  22-24  K>  4**^  S** 

Pltteburffii,  54  Flftli  Ave.       Portland,  Ore.,  170  and  St. 

SCHOVERLING,  DALY  &  GALES, 

303  Broadway,  Mew  Vork, 

General  SportingGoods  Dealers 

ACENTS  I  "WrlKlit  &  DitM>n>B  Lawn  Tennis. 

A.  J.  Reach  Company's  Baae-Ball  Goods. 
Humber  &  Gales'  Blcyclei. 

SPECIAL  PRICES  TO  COLLEGE  CLUBS  OR  ATHLETIC  CLUBS. 
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"RACKAROCK." 

THE  OHIiT  BATE 

HIGft  EZFLOSIVE. 

It  contMns  DO  Gl.TC«riae  or  Gun  Cotlon. 

Cheapest,  Best  and  Strongest. 

Compceed  of  two  ingredieols  Bhipped  Hod  kept  separate  until  required  for 

use  at  the  worh. 

240,000  lbs.  used  in  Flood  Rock,  Hell  Qate,  N.7. 

No  Accidents  by  its  use  in  uiy  Tunnel. 

No  Noxious  Cases,  No  Headache,  No  Nausea. 
Fuzes,  Caps  and  Electric  Batteries. 

RENDROCK  POWDER  GO,  23  Park  Place,  New  York. 


MANUFACTURERS  OP 


MINING  MACHINERY 

ROCK  DRILLS,  AIR  COMPRESSORS 

RUNNING    PUMPS,    ROCK    DRILLS,    COAL 
CUTTING    MACHINES,  ETC. 

No.  23  Parle  Place,  New  York. 


i"Natioinl  Battery  and  Bolting  Wire  Clolh.'/ 


ELEffTSICITTASAMOnTEPOfER 

IN   OPERATIHO 

THE    BLACKMAN 


HOWARD  &  MORSE, 

4B  Pulton  Street, 
New  Tork  VUy,  N,  T.,  IT.  8.  A. 


ELECTRIC  BLASTING 


dynamite  or  blast 
wpanlelv  and  pa 
>-ach.  Allt«8te<fa 
Btrengtb,  with  an 

"Pull-up 

4  Hi«s  M  holes, 
peclallr  ulaptec 
rood  quarrying, 

Victor 

No.1  Bre8  5to8„ ., ^ 

Ibr  praspecllng,  stnmp-blMtlns,  well«liikiiig,  etc. 
BUndud  Eleolrlo  Fuae  Mkd  Blut  Teatar,  Wire  Beels,  new  design,  IiOkdlns  and 
Oonneatins  Wira, 


JAMES  MACBETH  Sl  CO., 

128  Maiden  Lane,  New  Tork  City. 


Tuning  •J*'     ^ 

"The  Best  Mining  Paper  in  the  World." 


TWENTY -SEVEN  YEARS  ESTABLISHED. 


The  Representative  Journal 

OF    AMERICAN    MINING    AND    METALLURGY. 


Subscription  Price,  $4.00  Per  Year,  t^V<^rSi.ViT- 

$7.00  a  Year  for  Other  CountricB  in  tha  Postal  Union. 


No  one  [ntercMud  directly  or  indirectly  in  Ihe  production,  pr^paTatioii,  manafac- 
lure,  marketirg,  or  use  of  Minerals  >nd  Melats  can  aflbrd  to  be  without  it. 

The  Enfineecing  aod  Mining  Journal  his  the  Inrgest  circolatiou  anil  is  the  most 
influential  paper  of  its  class  in  tbe  world. 

It  brings  better  results  to  Advertisers  for  their  investment  than  any  other  technical 
or  trade  paper  published. 

THE   SCIENTIFIC    PUBLISHING    COMPANY, 

27  PARK  PLACE,  NEW  YORK. 

Libraries  Supplied  Cheaper  than  any   Book  Store   in  the  World. 

IiEGGAT   BROS., 

CHEAPEST  BOOK  STORE  ISo'r;!^ 

1,000,000  NEW  AND  OLD  BOOKS  AJJMOST  OXTDN  A'WAIT. 
OOLLBQll  BOOKS  A  8FB0IALTT. 

IHKBNBB  OATAIiOOTJa  VBJm. 

BIO  PBICSiS  PAID  FOB  OLD  BOOKS. 

81  CHAUBERS  STREET,  NEW  TORE. 


JOSEPH  fHLUntlS 
**  STEEirPEIIS. 

THE  nMMn  HUMWm.] 

AHDmama 
80ID  RAUDEALERSn 


ogle 


Charles  R.  Albrecht, 

8UCCE«eOR  TO 

1 

H.  ALBRECHT  It  SON, 

Maauhctann  and  Imponan  of 

D^a^A;'ing 

Materials, 

^ 

Hakcn  of  the   Celebr.t.d    "  DOUBLE 

SECTOR  "  Joiatcd 

Drawing  Instruments. 

f  dentUu  ^ttuttcan 

BBW  YORK. 

¥^'--Mm¥m 

Carrea,    Drawing   Bo&rdi.    Boxwood 
Scftloa.   Steel  Tape.,    Thumb  Tacka, 

ale.,  elc. 

We  do  all  the  Binding  for  ColwmMa  CoUege. 

Messrs.  Neumann  Brothers, 

GENERAL^ 

BOOK  BINDERS, 

76  E.  Ninth  St., 

(Opposite  Denning's),         -       -         NEW  YORK. 

STUDY  MINING 

AT  HOME. 


Send  for  FREE  (Urculu'  to  Thb  Correspondbkcb 
ScHOoi.  OF  HiKK,  SCKADTON,  Pa. 


SEND  FOB  INDEX  VOLS.  I-X, 
QUABTERLY, 


FREE! 
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OBK. 


SEWAGE 


ZEISS  MICROSCOPES. 

Mr.  Karl  Zeiss,  or  rather  his  successor,  Dr.  Abbe,  in  Jenai  has 
no  rival  in  the  manufacture  of  Stands  and  Objectives.  He  is  the 
inventor  of  all  the  latest  improvements  in  Microscopy,  viz  :  Abbe 
Condenser,  Abbe  Camera  Lucida,  Iris  Diaphragm,  Apochromatic 
and  Achromatic  Objectives,  Compensation  Eye-Pieces,  etc. 

The  newest  production  is  a  series  of  Photographic  Lenses,  called 
Anastigmatic  Doublets  and  Triplets,  for  which  separate  Cata- 
logues and  Price-lists  are  furnished  by  us  upon  request. 

His  new  Catalogues  of  1891  and  1892  are  just  out.and  contain 
very  valuable  information.  As  Sole  Agent  I  am  enabled  to 
import  all  his  apparatus  at  the  very  lowest  rates.  Orders  for 
Colleges  and  Institutions  filled  promptly,  duty  free. 

Catalogues  furnished  on  application,  for  zo  cts.  in  postage  stamps. 

F.  J.  EMMERICH,  Sr.,  Agent, 

74  MURRAY  STREET,  -  -  NEW  YORK,  N.Y. 


ogle 


WORTHINGTON 

Steam  Pumps,  Pumping  Engines, 

Independent  Condensers,  Water  Meters. 


HENRY  R.  WORTHINGTON, 
86  and  88  Liberty  Street,  New  York  City. 

Branch  Offices :  Boston,  Phila.,  Chicago,  St.  Louis,  Denver. 

■■H»  FOB  ILI.OflTMATBD  CATALMIDE. 


PllBLESS  tUTOMtTIC  INJICTOB 

(Fl.p-No«le  SyttERi). 

IS  THE  FIRST  AMD  ORIGIMAL  AUTOUHTIC  IKJECTOH. 

It  li  simple  In  CoBHTUciioii.  (Undi  luuiTiDed  lot  Liftinf  ■nd 
Forcii^  CapacilT,  F»lilniieii  af  AclUu.  ud  Gownl  EScieocy. 

8CHAFFER  &  BUDENBERC 

Works,  BROOKLYN,  H.  V. 

Ho.  a  South  Canal  Stnct,  No.  Ij  John  StnM, 

CHICAQO,  ILL.  NEW  YORK. 

Bulldnm'  Eichanie,  Room  4ii>.    Philadalphl*,  Pa. 
DitcTiflivi  PamfUtt  a%d  Prict-LUI  -ttn  Aft^atittt. 


sic 


ATonlc 


For  Brain- Workers,  the  Weak  and  Debilitated, 
Horsford's   Acid    Phosphate 

is  without  exception  the  Best  Remedy  for  relieving  Mental  and 
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